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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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The SU(8) theory: motivation

@ A recently proposed SU(8) theory, by myself and Teng ZL, Mao YN, Hou ZP
and etc. This is motivated to solve the SM flavor puzzle, by abandoning the
“generations” in the UV [1979, H. Georgi]

{F.} = [4x8pa 285 (P[5 8r @565 .

https://arxiv.org/abs/2307.07921
https://arxiv.org/abs/2402.10471
https://arxiv.org/abs/2406.09970
https://arxiv.org/abs/2411.12979
Talk: https://www.koushare.com/live/details/40893

@ Results: all SM quark/lepton masses and the CKM mixing pattern has been
explained, with one single SM Higgs boson in the spectrum.
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|
The SU(8) theory: global symmetries

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

Gatonat [SU(B)] = [SUM)e ® T(1), © T(1)ra,

® [SU6)s @ U)r, © U(1)ra, |

[SU®)*-U(1)1 =0, [SUE)*-U(l)eq, 4 # 0. (3)
@ The Higgs fields and the Yukawa couplings:

— Ly = Yp8r 28¢8u ., + Y728r28r70u

+ YpB8r 561284 ., + ]\2—4561:561.-281{]:@631{ + He.. (4)
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 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

9is = giw = 19%0 =~ - (5)
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|
The SU(8) theory: global symmetries

Higgs | Gaa1 — G3a1  Gsza1 — G331 G331 — Gsm Gsm —
SU3)e ® U(1)em
8a., | Ylw=1IV) V(w=V) /(w=3,VI) v/
28u X Jw=1, (o=2,VII, v
VII) 1X)
70w X X X v

@ 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 Z,
in the Higgs sector.

Q: Do we have strings in the SU(8) GUT?
@ This talk: based on SU(6) — G331 — Gsm toy model
{(Fr}=6F ©15p, {H}=6n, ®154. (6)

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

— 1 .
q)g,wz(13377§)H,wC6H,W7 W:(1,2) (7)
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The embedded Z string in the SM

@ The semilocal string: to consider a U(1) ® éﬁ(Z) 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

v o= in 0 = zZ(r)
Pano = Ef(r)e £. ( 1 ) , 4= *nT)e«p: (8)
and the integer-quantized magnetic flux of
non—topo 2 4dmn 2 _ 2 2
D, = del2:—g7: 9z = 9aw + gy - (9)

n € Z is known as the winding number.

@ For more generic local SU(N) ® U(1) theory, the
integer-quantized magnetic flux of

2N

gz

LR = /d2m Zly=—"—n. (10)
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The embedded Z string in the SM

@ In the Z string background, we have

j — 29
dm®ano = [amHQ + %gz ( cos SUw

11 ) ZANO ,m]CPANo . (11)

@ The classical Euler-Lagrange equations

I 4O (1 259) L0 — s (P - 0. a2)
d’z 1dz 4 9z _ _
d7§“2 - g& + g?f (€) (1 - QZZ(f)) =0, (12b)

with Dirichlet BCs of: (¢ =0)=2(6 =0)=0, f(¢ =00) =1, and
Z(E=00) = g% at both ends.
o B="H = 1 for V(®) = 1A (j02 — Lv?)?,

p)
mz 9z
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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 [James, Perivolaropoulos, Vachaspati, hep-ph/9212301]:

@ To impose the perturbations to the Z string background

+ - -
P = (;:No) . WE=swE. (13)

@ The perturbed string tension

= [ANO + Ofi(2) ,
Sy = Opw [SWE] + S [075) 4 Spc[on™ , oW ). (14)

@ The gauge fixing terms
1 _ _
Lo = 5 (FW,[ on )P+ [F(W, ,0m7))

F(WiE ,6n%) = 0SWE Figeay ZhxodWi + %@;No/mm 57 . (15)
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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

) ~ [Du By By
050 =w*0, O=| B Dy 0 |, (16)
B, 0 D,
with
D = Vi +26 2+ 5(F - 1),
1dz
Dy, = —V2 + 268 FPrdch, - 5 (17)

£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 (in)stability of the Z string 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
W= (Wi FiWi), Nu/Nu=—=(WiFiW,), (18)
V2 2
and the diagonal G331 gauge boson
Z, = CﬁSWS — 895 Xp s
By =s9,WS+cog Xy (19)
@ The masses of
2 2 2 2 2 2 1o o
My & =My § = E92/005U331» mzr = 592'0331
9z = 393w + gk - (20)
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The non-topological Z’ string in the G331 — Gam

@ The (1,1) Z’ string profile functions both with unit windings of
. &) Vor e (o
Zano = —>2€,, P3,=—fu(r)e? 0|, w=(1,2), (1)

and the integer-quantized magnetic flux

non—topo ! 6
(I)Z’ top = /de 8[1ZAN02] = ;r, ) (22)
with the BCs: ((§ =0) =0 and ((§ = c0) = — 2.
@ The generic Higgs potential with two Higgs triplets
2
v = Y b (e - 22) D (Sieg e - L
w — 2 w 3w 2 w 2 3 — 3w 2
2 2 T 2 t 1 2
2105115 ol — [0, @5 o) + X [0} @5, — JViVE| . (23)
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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 B; = %. (24)
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The non-topological Z’ string in the G331 — Gsu

@ The classical field equations

THEO) | 1AO (14 9256) 1O _ g2 (716 - 1) Fuce)

ez e de 3 &
+8s (372 + 52736 — 1) Ai(8), (252)
TREO | LB (14 9249) B — sk (O - 1) R
+8s (372©) + 52736 — 1) fa(€), (25b)
dz&(f) 1d§(f) _ 6 9z’ > 2 72 2 72

a2 E dE g (1 + ?g(f)) (C/;fl (&) +s5/2 (5)) ) (25¢)

with BCs of: f,(6=0) =(({ =0) =0, f,({ =00) =1, and
(e =o0) = — b

Weihai, 2026.08.28 16 /36

N. Chen (chenning_symmetry@nankai.edu.cn)



-]
The non-topological Z’ string in the G331 — Ggu

—0 e
--e el = a8

h.aO) o) 000

s &6

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 — Gam

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

o At £ — o0, the asymptotic behaviors for the Higgs profiles read

F1(&) ~ 1= (Crexp(—v/Bi 285 1 Bt) + Crexp(—V/BiE) )

VE
Fo€) ~ 1= 2 (Crexp( =V 28,5 k) - Caexp(—V/BiE) ) (26)

with tﬁ“ = 10, ,81 = 62.

@ A more stringent Higgs potential parameter constraints: 83 > —%(ﬁl + Bs)
or 33 > —%(62 + f5) for the classical non-topological string solution,
compared to the stability constraints.

N. Chen (chenning-symmetry@nankai.edu.cn) Nankai University Weihai, 2026.08.28 18/36



|
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
671'W,,
= on%, |, (OWh",0Nm 6Nm). (27)
PANO ,w
@ The perturbed Z’ string tension expansion to the quadratic terms
= p1ANO + Ofu(ay s Opucay = Sppwr + Spin + Spte - (28)
@ The gauge fixing terms
Eﬁx = F(§W7ln+) : F((sW’rln_)y

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

izcﬂsfz Va1 u iiwdﬂ‘?jyl ’w> . (29)
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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,

@:

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

3
D = —V§+ S %]ﬁ(f) +B1(’ (fl &) -1

—_—————
<0(£—0) with 81>0

65 (RO -+ 5RO - D) +837E©, (D
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.]
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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 I~J(1) symmetry between two Higgs fields in the Gs31:
(Pg,,Pg 5) = (e7"*®y,e"*®y) in Eq. (23) 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 # ng)

Vio i [ Vi o i [
‘1)§,1=ﬁf1(7")6m“0 (1) ; ‘bﬁ,zzﬁfz(r)emw (1) ;o (32)

and the minimal structures being (n1,n2) = (£1,0) or (ny,n2) = (0,£1)
strings.
@ The non-integer magnetic flux of the Z’ string

n n 6
<I>(Z,1’ 2 = 27 (c%nl +S?§7’L2) , (33)

9z
‘P(Zl/’o) = 19397 7'P° in Eq. (22) when § = 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

agr g dg 3 &
+8s (A7) + 5273©) — 1) [i(&), (342)
d*f2(&) | 1dfa(§) gz = N2 f2(8) . 2 =
e~ (50) T =as (RO -1) RO

+6s (AR + 3736 = 1) 2(©), (34b)
d*¢ 1d¢ 6 [ 2 2z 5 P2

- 3O Bl (142249 i)

+53 (249 5@ (34c)

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

ha®

: = - -
¢ €

Figure: The profiles (left panel) and energy densities (right panel) for the topological
(1,0) Z’ string with A1 = X2 = A3 = 0.15, A5 = 0, gz = 1.06, and tz = 1.0.

The G331 symmetry not full restored at the string core due to the Neumann BC of
the f2(£), and p ~ log A.
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Stable topological Z’ string

%1 oz o3 os 05 06 07 o8 09 10

-l Matrix stable Region

i
%1 02 03 04 05 Os 07 08 05 10

Figure: The stability regions for the (1,0) Z’ string with Ay = 0.1 (upper left panel),
A4 = 0.15 (upper right panel), and the (3,0) Z’ string with A4 = 0.1 (lower left panel),
A4 = 0.15 (lower right panel). Other parameters: A3 = —0.5\; +ﬁ.0'0051 gz = 1.06.
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Vortices/Strings in the AHM

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]
D60, =0, 00, = (dpe " 5¢Te™" A ,e T (35)
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The topological Z’ string-wall composite

@ The topological Z’ string is phenomenologically unrealistic with A5 = 0,
leading to a massless CP-odd A Higgs boson.

@ Are there defects with the full Higgs potential in Eq. (23)?

A forim =1 ) for =01

[

Figure: The (1,0) string-wall composite. Other parameters: A1 = A2 = 0.2, A\s = —0.03,
gz = 1.06.
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The topological Z’ string-wall composite

20 Energy-Density Contour p(E, o)
30 Energy Density piE. o)

20 gauge profile Z(€, 9) 20 contour of ZE. )

123

0929

o6t
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Summary

@ The non-topological /topological strings usually originate from the multiple
Higgs sectors in some BSM new physics, e.g., the intermediate symmetry
breaking stages in the flavor unified SU(8) theory.

@ This talk: limited to the SU(6) — G331 toy model with two Higgs triplets.

@ Non-topological strings with the (1, 1) winding cannot be stable unless with
the semilocal limit of Jg — 7, even if one tunes the Higgs potential
parameters.

@ Topological strings with the (n;,0) windings due to the (relative) global
U(1)'s in the Higgs potential, very likely to be stable [to appear]. The
explicitly U(1)-breaking terms may lead to the domain-wall string composite
[2311.15805, and in progress].
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Thank you!
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Backups
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Vortices/Strings in field theories

@ The global string profile function in the LG theory

v

ﬂf(r)e"w , NEL. (36)

PANO =

@ The global string tension

v o= oy fae{ () et i (PO -1)  ~emn e

with £ = v2Mv? - 7, and the Euler-Lagrange equation of

dPFE) | 1df(€) nP o 1o Eo
de? £ de¢ & (5) 2(f (5) 1) f(g)_oa

fg=0)=0, f¢=00)=1. (38)

3

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

@ The string profiles in the AHM
[ . -
o) = — me oA = -—n>—= Z 39
ANO ﬁf(r)e ) ANO n= s M €4, (39)

and the finite tension of

HANO = 27TV /Ooogdg{ezé%(_ndi(g))2+%[(%(5))2
+n? (1 - eC(€))’ fg(f)} +§(f2(£)—1)2}, (40)
with —f}randﬁ_—%:%,

o Dirichlet BCs: f(6=0)=C(6=0)=0, f(6=00) =1, {(£ = c0) = L.
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Vortices/Strings in field theories

—— n=1,Higgs f
—— n=10, Higgs
—— n=100, Higgs f [ 96
--- n=1,Gauge {

- n=10, Gauge ¢
- n=100, Gauge {

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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