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-
Vortices/Strings in field theories

@ The vortices/strings arise in field theories with the SSB of global/local U(1)
symmetries, e.g., U(1) — 0 and U(1); ® U(1); — U(1). Non-trivial first
homotopy group of 71(U(1)) = Z, characterized by the winding number
(vorticity) n € Z.

o Global strings in the global Landau-Ginzburg (LG) theory

2
L = 18,0 - <|<I>| - 71;2) , DD, (1)
@ Local Abrikosov-Nielsen-Olesen (ANO) strings in the Abelian Higgs model
(AHM)
1 15\
L = 4W—|—|D<I>\ —A(\(I)| v > ,
b= @ A, A, + %aua(a:). @)
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Vortices/Strings in field theories

@ The global string profile function in the LG theory

d)ANO = \L[f_( ) imp’ nez. (3)

@ The global string tension
2 [eae (L) el s L (P - 1) Y~ romn, @)
with £ = v/2Mv? - 7, and the Euler-Lagrange equation of
2 7 2
L O T RCE N GE

gz & dg &
fle=0)=0, f(¢=00)=1. (5)

A symmetry restored string core.
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-
Vortices/Strings in field theories

@ The string profiles in the AHM

v - . -
Pano = ﬁf(r)emw’ Aano = e e, NE 7,

and the finite tension of

oo 2 4 d 5 1 d_
o =20 [ (14 (440 0
+n2 (1—65(5))2 f§(2€):| + g (F(g) _1)2}’
with E%randﬁz%:%\_
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-
Vortices/Strings in field theories

—— n=1,Higgs f
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Figure: The profiles of the Higgs and gauge fields in the AHM (with e = 1.0). Credit:
BIAN Zhengyang.

String core size scales as &,, « \/n as n — oo [Penin, Weller, 2009.06640,
2105.12137].
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Vortices/Strings in field theories

8

Figure: The eigenvalues for the perturbed modes in the AHM. Credit: BIAN Zhengyang.

Stable string for n = 1: any (3, stable string for n > 2: 8 < 1 [1976, Bogomol'nyi].
The eigenvalues w? for the coupled ODEs of [1995, Goodband, Hindmarsh]

D0, =0, 00, = (Sge™ ! 5¢Teit 54,6~ )T (8)
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The SU(8) theory: motivation

@ Q: Do we have strings in the non-Abelian theories, such at the GUT?

@ Usually, the GUT contains ‘t Hooft-Polyakov monopole with
SU(5) — SU(3). ® SU(2)w ® U(1)y, and the domain walls with discrete Zs
in the Higgs sector.

@ A recently proposed SU(8) theory, by myself and Teng, Mao, Hou and etc.

This is motivated to solve the SM quark/lepton flavor puzzle, by abandoning
the “generations” in the UV [1979, H. Georgi]
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Talk: https://www.koushare.com/live/details/40893
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-]
The RGE of the V' =1 s1(8)j,,—1 theory

SUSY §u(8)k, =1
G Gam

] Gon G

N

ulGev]

o In the 5u(8)y, =1 theory [2411.12979], we find the conformal embedding of
Su(4) g, =1 D 51(4) gy =1 D u(1), =1/4. The gauge coupling unification is
achieved through the relation of

1 2 87TGN

ng = gzw = ngo = o (9)
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|
The SU(8) theory: global symmetries

@ The global symmetries of the SU(8) theory:

Getonar [SU(8)] = [SU() © U1z, & U(1)ra, ]

® [SUG)e © Tz, © U1)eay]

[SU®)*-U(1)1 =0, [SUE)*-U(l)eq, 4 # 0. (10)
@ The Higgs fields and the Yukawa couplings:

— Ly = Yp8r 28¢8u ., + Y728r28r70u
+ YpBr 56r28: ., + ]\2—4561:561.-281{]:@631{ L He.. (11)

pl

NB: 56r56r28y = 0 ['08, S. Barr], d = 5 operator suppressed by 1/My; is
possible, with M, = (871G n)/? = 2.4 x 10'® GeV.
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The SU(8) theory: global symmetries

Higgs Gaa1 — Gaa1 G3a1 — G331 G331 — Gsm Gsm —
SU3)e ® U(1)eMm
8., | Y(w=1V) V(w=YV) v (w=3,VI) v
28u ., X Vw=1, (w=2,ViI, v
VII) IX)
70u X X X v
@ This talk: based on SU(6) — G331 — Gsm toy model
{Fi} =6 ®15p, {H}=6n, ®155. (12)

For the G331 — Gsm breaking, we consider the non-topological and
topological strings from [2604.06530]

1 _
®§7w5(1337_§)H,WC6H,w7 w:(132) (13)
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|
The embedded Z string in the SM

o The semilocal string: to consider a U(1) ® SU(2) model with
® = (¢1,¢2)T € C, [1991-1992, Hindmarsh, Vachaspati].

@ Promote to the local SU(2)w ® U(1)y, with the string profiles of

Pano = %f(r)eiw - ( (1) > , 7= —n@a@, neZ, (14)

and the integer quantized magnetic flux of

non—topo 4ﬂ-n
YT = [ PrZiy=———, g% =giw +gv . (15)
a9z
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|
The embedded Z string in the SM

@ In the Z string background, we have
_ 7 — cos 20w
dm®Pano = |:8m]12 + 592 < —|—1) ZANO ,m:| Pano - (16)

@ The classical Euler-Lagrange equations

’f(&) | 1df(§) (1 B %5(5))2 f(€)

ez T de 2 e
—-B(fA(&-1)f =0, (17a)
d’z 1dz 4 9z _ _
B ea ol 0(-5=9) =0, (17b)
2

with BCs of: f(§=0)=2((£=0)=0, f(§=00) =1, and 2({ = o0) = ~.
o B= z—i’ = % for V(@) = %)\ (|<I>|2 — %02)2-

2
z
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-]
The classical stability of the Z string in the SM

The procedures of analyzing the classical stability of the Z string
background [hep-ph/9212301]:

@ To impose the perturbations to the Z string background

+ - -
P = ((;ZNO) . WE=swE. (18)

@ The perturbed string tension

= [ANO + Ofi(2) ,
Sy = Opw [SWE] + S [075) 4 Spc[on™ , oW ). (19)

@ The gauge fixing terms
Loy = %(IF(W;,aﬁ)F +IFW, e ))?), F(WF,onT) = "W,

Figeow Z4noWi + ~L ¢ano/dano o1t . (20)

V2
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-
The classical stability of the Z string in the SM [cont.]

@ An eigenvalue problem for the coupled Helmholtz equations in the basis of
50 = (dntewt sWiet W ewt)T

A A Dy By By
050 =w*0, O=| B Dy 0 |, (21)
B, 0 D,
with
’D11:—§§+26‘2/Vf2+ﬂ(f2_1)
1dz
Dy, = —V2 + 268 FPrdch, - 5 (22)

£de’

e w? > 0: stable, w? < 0: unstable.
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The classical stability of the Z string in the SM [cont.]
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Figure: The stability region of the EW Z string: the semilocal limit of Yw — 7 and
2
= Z—? < 1. Plot credit: Eto, Hamada, Jinno, Nitta, and Yamada, 2402.19471.
zZ
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-
The classical stability of the Z string in the SM [cont.]

@ The Z string stability is dynamical rather than topological.

@ Two sources of the Z string instability:
© The instability due to the Higgs profile

D= —Vi+28, P+ 817 - 1),

with 8 controlling the negative contributions from the string core.
@ The instability due to the spin-magnetic couplings

2 1dz

DT/i - _ﬁg + QCa/fTQiZLCVV g dfg .

when i%% is negative.
@ The semilocal limit of ¥y — 7 eliminate the spin-magnetic instability.
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The non-topological Z’ string in the G331 — Gsu

@ The massive off-diagonal G331 gauge bosons of (VVI’Li N, N,)

1 . = 1 )
Wit = —= (Wi FiW0), Nu/Nu=—= (W FiW,), (23)
V2 2
and the diagonal G331 gauge boson
ZL = CﬁSWS — 895 Xu,
By =s9,WS+cog Xy (24)
@ The masses of
2 _ 2 2 2 2 2 1 2 2
My & =My § = E92/005U331» mzr = 592'0331
9z = 393w + gk - (25)
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The non-topological Z’ string in the G331 — Gam

@ The (1,1) string profile functions with unit winding

= 0
- r) V _
Z/ANO = —¥6¢, (I) Tf ( ) 0 ) W= (172)7 (26)
1
and the integer quantized magnetic flux
ay = [ 00, Zhon = O, (1)
9z’
with the BCs: ((§ =0) =0 and ((§ = 00) = — 2.
@ The generic Higgs potential with two Higgs triplets
1 1 ,\% 1 1)
_ 2 2 2 2
- zw:g)\w <|(I)3,w| - §Vu> + 5)‘3 (%:"I)li,wl - §V >
2 2 T 2 t 1 2
+ 2105115 ol — 8, @5 o) + X [0} @5, — JViV| . (28)
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|
The non-topological Z’ string in the G331 — Gsu
@ The string tension with the dimensionless coordinates of £ = %r

paNo /£d§p€ P& = pelE) + pr(€) + v (E).

2
2mv5s,

B o g/ 1d<

pf“’(g):%w (d;£<5> +(1+ 22 ) (fwg))?]’
pv<s>:§8 (fl( ~1)"+ s (B 1)’
+18s (ARO + 3BE 1) + 552k (RORE) —1)°
where f; = %. (29)
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|
The non-topological Z’ string in the G331 — Gsu

@ The classical field equations

THEO L 10O _ (14 92 86)" LE _ g2 (729 - 1) Ao

de? £ de &2
+8s (372 + 5236 — 1) Ai(8), (30a)
TREO | LB (14 9249) B — 5k (O - 1) B9
+8a (A (©) + 373 —1) 2(©), (30b)
40

1d§(£)_ 6 ngf 2 2 2 =
ez T ¢ dE gu (1+ 74@) (A© +535©) . (30¢)

with BCs of: f,(6=10)={((=0)=0, f,( =00) = —%'{({ = 0) = 1.
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The non-topological Z’ string in the G331 — Ggu

F206)

s &6

o) 0081 4

—0 e
--e el = a8

Figure: The parameters are: A1 = Az = As = 0.15, A3 = —0.145, t3 = 1.0, and

gz = 1.06.
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|
The non-topological Z’ string in the G331 — Gsu

Remarks on the non-topological Z’ string profile with two Higgs triplets:

o At £ — oo, the asymptotic behaviors for the Higgs profiles read

fi(€) ~1 - = (6’1 eXp(—\/ﬁl + 283 +ﬁ5§) +C26XP(—\/E§>) ,

VE
fa(§) ~1— % (C’1 eXP(—\/ﬁl + 283 +ﬂ5§) - C eXP(—\/ﬂTQ) , (31)

with t,é = 10, 51 = 52.
@ The Higgs potential parameter constraints: (3 > ,%(61 + B5) or

Bs > —3(B2 + Bs).
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|
The non-topological Z’ string in the G331 — Gsu

F1.2(8)

o 10 20 30 40

3

—_— i) == f(§)

Figure: Unwanted parameters of: Ay = A2 = 0.15, A3 = —0.14, Ay = A5 =0, t5 = 1.0,
and gz = 1.06. Credit to: GUO Mian.
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-]
The classical stability of the non-topological Z’ string

The classical stability analyses:

@ To impose the perturbations to the Z’ string background
Oy
= on%, |, (OWh",0Nm 6Nm). (32)
PANO ,w
@ The perturbed Z’ string tension
= p1ANO + Ofu(ay s Opucay = Sppwr + Spin + Spte - (33)
@ The gauge fixing terms
Eﬁx = F(§W7ln+) : F(5W7ln_)7

L,
FOW.E) = ”\7 (ﬁ SW'E %%(swawgff — e W)

izcﬂsfz Va1 u j:i«p(sﬂ_‘j/:‘/l ’w> . (34)
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The classical stability of the non-topological Z’
string [cont.]

o Both the (dmyy, , ,6W,E) and the (67% ,, 678, 6N ,0N,,) lead to the
identical results for the (in)stabilities.

@ An eigenvalue problem for the coupled Helmholtz equations in the basis of
60 = (s¢,1,80,2,wy 0wy )7

D11 D12 BT Bl
D1 Das BT Bl
Br By Dy 0 |-
B, B, 0 D,

o= (35)

with 67y, = D0, 80.we ™1, OWLT =37, —iwy e, and etc.
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The classical stability of the non-topological Z’
string [cont.]

Sources of the non-topological Z’ string instability:
@ The instabilities due to the Higgs profile

D = —Vi+ ﬁs wa Yo isi2(7e - )
331 %,—1
<0(£—0) with 81>0

65 (RO - +3(FEO - D) +837E©,  (36)
N’
>0(£—0) with B3<0 >0,6—0

o, 32
@ The spin-magnetic couplings of Dy, = —VZ + 05 > fﬁv o jzgzlc?,S y gg

© In the semilocal limit of ¥g — 5, there can still be ofF—dlagonaI elements of

D) due to the mixings between d7is,, 1 and o7y, , from the perturbed
Higgs potential as well as the gauge fixing terms.
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The classical stability of the non-topological Z’
string [cont.]

o o
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Figure: The stability regions with a fixed A3 = —0.05 (left panel) and a varying

A3 = fé()\l + Xs) + 0.005 (right panel), with gz = 1.06. Left panel: Ay = A5 = 0.1,
t5 = 2 in the left panel, Right panel: A1 = A2 = A5, Aa =0, 5 = 1. Subject to the
constraint of A3 > —2 (A1 + As).
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The topological Z’ string in the G331 — Gsum

@ The global fJ(l) symmetry between two Higgs fields in the G33;:
(P5.,,Pg ) = (e7'*®y,e"*®y) in Eq. (28) w.o. the A5 term. Similar to
the situation in the 2HDM [Dvali, Senjanovic, 9305278].

@ The topological (nq,n2) Z’ string profiles (with ny o € Z and nq # no)

Vio e [0 Vi o i [
(I)§,1:ﬁf1(r)eznl(p (1) ; ‘?ﬁ,zzﬁﬁ(r)emw (1) , (37

and the minimal structures being (1,0) or (0,1) strings.
@ The non-integer magnetic flux of the Z’ string

<I><Z",1 m2) ;W (c%m +823n2) ) (38)
Z/

fb(Zl,’O) = 109" 7'P in Eq. (27) when B= T
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The topological Z’ string in the G331 — Gsm

@ The classical field equations

THE | LIRS _ (14 92 56)" B _ g2 (72 - 1) e

dez g de 3 &
+8s (A7) + 5273©) — 1) [i(&), (392)
d*f2(&) | 1dfa(§) gz = N2 f2(8) . 2 =
e~ (50) T =as (RO -1) RO

+6s (AR + 3736 = 1) 2(©), (39b)
d*¢ 1d¢ 6 [ 2 7 = 2

- 3O Bl (142249 i)

+53 (2°09) B©)] (39)

Ful€ = 0) = L, 26 — o0 00) = — g2 k.
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The topological Z’ string in the G331 — Gsu

015 {(6)

Figure: The profiles (left panel) and energy densities (right panel) for the topological
(1,0) A String with A1 = Ao = A3 = 0.15, \5 =0, gz = 1.06, and tg =1.0.

The G331 symmetry not full restored at the string core, and u ~ log A.

N. Chen (chenning_symmetry@nankai.edu.cn) Nankai University Nanjing, 2026.05.16 30/33



Stable topological Z’ string

©1 o2 03 04 05 06 07 08 095 10

01 o0z 03 04 05 06 07 08 09 10
s,
= Full Matrix Stable Region

= Full Matrix Stable Region

Figure: The stability regions for the topological (1,0) Z’ string with Ay = )Xo,
Az = —0.5X\1 + 0.005, gz = 1.06, A\s = 0.025 (left panel) and A4 = 0.1 (right panel)
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Summary

@ The non-topological /topological strings in the flavor unified SU(8) theory
originate from the multiple Higgs fields at the intermediate symmetry
breaking stages.

@ Non-topological strings cannot be stable unless with the semilocal limit of
s — %, even if one tunes the Higgs potential parameters.

e Topological strings due to the global U(1)’s in the Higgs potential, very likely
to be stable. Explicitly U(1)-breaking terms may lead to the domain-wall
string composite [2311.15805].
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Thank you!
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