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Both sphaleron and monopole can induce baryon number violation

Sphaleron

Γsph = A(T )e−Esph/TNCS(sph) =
1
2

MON

u1R

u2R

d̄3L

e+
L

ΔNCS(mon) = 1 Γmon = B(T )e−mM(T)/T
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• Triplet  
• Quintuplet 
• Septuplet 
• ……

➡ The topological perspective opens a new window for BSM research 
during EWPT, which also has implications for Dark Matter

➡ The baryon number violation rate computation can tell us if the 
created baryon asymmetry can be preserved, which is the condition 
for “Strong” first order EWPT

Higgs
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❖ In the literature, the sphaleron is regarded the main way for 
baryon number violation

❖ While monopole solution could appear in many BSM models, 
which can also lead to baryon number violation

Topological analysis can tell us whether sphaleron or 
monopole solution emerge during the EWPT.
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Before EWSB: G = SU(2)L × U(1)Y

After EWSB:

H = U(1)em• If Multiplet  with :Φ Y ≠ 0

G
H

=
SU(2)L × U(1)Y

U(1)em
≃ S3 Sphaleron topology

H = U(1)em × U(1)Y• If Multiplet  with :Φ Y = 0

G
H

=
SU(2)L × U(1)Y

U(1)em × U(1)Y
≃ S2 Monopole topology

i.e. SM Higgs

i.e. real triplet

 multiplet can contribute to DM relic densityY = 0
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H =
ω+

1

2
(v + h + iπ) Φ =

ϕ3,3

ϕ3,2

ϕ3,1
1

2
(vϕ + ϕ + iπϕ)

ϕ3,−1

ϕ3,−2

ϕ3,−3

✤ The Higgs field and septuplet field

V = V0(H) + Vportal(H, Φ) + Vself(Φ)

1812.07829
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H =
ω+

1

2
(v + h + iπ) Φ =

ϕ3,3

ϕ3,2

ϕ3,1
1

2
(vϕ + ϕ + iπϕ)

ϕ3,−1

ϕ3,−2

ϕ3,−3

✤ The Higgs field and septuplet field

V = V0(H) + Vportal(H, Φ) + Vself(Φ)

Baryon asymmetry could be made in 
, so it’s important to know the 

Baryon number dilution rate (monopole 
mass) in broken phase at .

C1

Y

1812.07829
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✤ Monopole mass in the broken phase

: effective portal coupling 

 : effective self coupling

λ13

λs

ΓBNV ∼ e−m/T

m = B ×
4πv

g
Sphaleron energy or monopole massm :
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✤ Monopole mass in the broken phase

4πB
g

v̄ (TC)
TC

− 6 ln
v̄ (TC)

TC
> f(X,

ΔtEW

tH
, 𝒵, κ)

BNPC CAN BE SATISFIED 
DURING THE FIRST BROKEN 

PHASE FOR LARGE 
MULTIPLET VEV

Patel, Ramsey-Musolf, JHEP 07 (2011) 029
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At the end of two-step EWPT, septuplet doesn’t mix with Higgs field

Cross section: σSI ∼ g2
eff g2

eff = fN
2λ13

m2
h

+
3
4

fT fPDF
N
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✤ The topological classification of field solutions for EW multiplet : Φ

•  Monopole solution - Dark MatterY = 0 :

•  Sphaleron solutionY ≠ 0 :

✤ The monopole mass can reach a substantial magnitudes during 
the two-step EWPT, thereby facilitating the fulfillment of BNPC.

✤ The  complex septuplet can contribute to the dark matter relic 
density.

Y = 0

Thanks!
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✤ Electroweak scalar multiplet

✤ Construction of general dimensional sphaleron unitary matrix

Esph =
4πv

g
ℱ(Aa

i , H, Φ) Aa
i Ta ∼ f(ξ)(∂iU∞)U∞−1 i(U∞−1)dU∞ =

3

∑
a=1

FaTa

Ahriche et.al. (2014) use the invariance property of  without proofFa

Express  as the multiplication of two Wigner-D matricesU∞

U∞
mn(μ, θ, ϕ) = ∑

m′￼

DJ
mm′￼(ω−, − θ, μ)DJ

m′￼n(μ, θ, ω+),

ω± = − μ ± (ϕ −
π
2

) .

We demonstrate that  is invariant when .Fa J = [ 1
2

,1,
3
2

,2,
5
2

,3]
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The general sphaleron energy expression
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Esph = E(μ =
π
2

) − E(μ = −
π
2

)

=
4πΩ

g ∫ dξ [ 1
4

Fa
ijF

a
ij(ξ, μ =

π
2

) +
1
4

fij fij(ξ, μ =
π
2

) + (DiH)†(DiH)(ξ, μ =
π
2

)

+(DiΦ)†(DiΦ)(ξ, μ =
π
2

) + V(H, Φ)(ξ, μ =
π
2

) − V(H, Φ)(ξ, μ = −
π
2

) ] .
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f′￼′￼+
2
ξ2

(1 − f )[f( f − 2) + f3 (1 + f3)] + (1 − f )(
v2h2

4Ω2
+ αϕ2) = 0,

f′￼′￼3 −
2
ξ2 [3f3 + f( f − 2)(1 + 2f3)] + (

v2

4Ω2
h2 + βϕ2)( f0 − f3) = 0,

f′￼′￼0 +
2
ξ2 (1 − f0) −

g′￼2

g2
(

v2

4Ω2
h2 + βϕ2)( f0 − f3) = 0,

h′￼′￼+
2
ξ

h′￼−
2

3ξ2
h[2(1 − f )2 + ( f0 − f3)2] −

1
g2v2Ω2

∂V[h, ϕ]
∂h

= 0,

ϕ′￼′￼+
2
ξ

ϕ′￼−
8Ω2ϕ
3v2

ϕξ2
[2α(1 − f )2 + β( f0 − f3)2] −

1
g2v2

ϕΩ2

∂V[h, ϕ]
∂ϕ

= 0,

α =
[J(J + 1) − J2

3]v2
ϕ

2Ω2
, β =

J2
3v2

ϕ

Ω2
.


