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SM Electroweak Transition

1st-order transition: 
Conventional perturbative resummation

Temperature

Crossover: 
Lattice result for the physical SM

Temperature
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Critical Temperature

<latexit sha1_base64="Zdlsrfye8mKXsRhph4TDblOw3g8="></latexit>

V (ω, T )

Temperature

<latexit sha1_base64="8TFHZwHomutdQVFgoLru2pQsWkU="></latexit>

V0 = →1

2
µ2ω2 +

ε

4
ω4

• Consider simple scalar theory: 

• At high temperature, 
schematically: 

<latexit sha1_base64="6IPY4cxi2XEMNYup0gYene7gSE0="></latexit>

m2
e! = →µ2 + ωT 2

Symmetry restoration, when 
<latexit sha1_base64="b7d3s3b4XWSkNhnnW769bPV3+PE="></latexit>

Tc =
µ→
ω

Effective Potential
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• Consider one-loop diagaram with     insertions of self energy diagram

Daisy 
Diagram

• Each self energy insertion contributes multiplicative factor of

The Problem: Breakdown of Perturbation Theory

Fixed order perturbation theory requires
<latexit sha1_base64="Go2Utoq6nubwfs7hgZqHYfQIANs="></latexit>

ω →, ε → 1

Near PT                 — perturbation theory breaks down!
<latexit sha1_base64="NzwC1GU7Pwad5y25u+8UObHQbNk="></latexit>

Tc =
µ→
ω

<latexit sha1_base64="RJXt4N+LnzB4f2mA+xLrnPjgABk="></latexit>

= ωT
∑

n

∫
d3p

(2ε)3
1

p2 +m2
= ω

T 2

ε2
J →
B(m

2/T 2)
<latexit sha1_base64="lmcaAgPw1PWlcPymkdxps57IS0E="></latexit>

→ ωT 2

<latexit sha1_base64="O/TMpCcvFUyipPLxQScHnwd/+Aw="></latexit>n

<latexit sha1_base64="O/TMpCcvFUyipPLxQScHnwd/+Aw="></latexit>n

<latexit sha1_base64="B9LHutgp3JpIBHr+ZMy3z1jdCqg="></latexit>

ω =
εT 2

m2
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The Solution: Daisy Resummation

• Resumming geometric series of daisy diagrams

<latexit sha1_base64="3gvcwa8uLsybBODMXOZpVaEwMQg="></latexit>

D(p,ωn) = D0(p,ωn)
∑

n

(
→!D0(p,ωn)

)n
=

1

ω2
n + p2 +m2 +!

• Propagator mass is replaced by effective mass:

function of h and T
<latexit sha1_base64="Uv6hfS8kwDo0LYK/Gf06yKaioUc="></latexit>

m2(ω) → m2
e!(ω, T ) ↑ m2(ω) +!(ω, T )

<latexit sha1_base64="FQ95CB15giWcQvTvdrew2i5p+h4="></latexit>n
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Going Beyond High-Temperature Self-Energy

• Standard daisy resummation leading high-temperature self-energy:

• However, across the bubble wall, masses can get heavy: 

<latexit sha1_base64="jDpRZqQkPqXUCvUv9sSX94HO1l4="></latexit>

V (ω, T ), p = →V, e = V → TεTV, c2s, vw . . .

To describe smooth thermal decoupling of heavy modes, full thermal 
functions are needed! This can affect  

<latexit sha1_base64="1+ZUfCsWH9GjRM9lpchV+0gYmgQ="></latexit>

! = gT 2, m(ω)/T → 1

<latexit sha1_base64="gPslVRs3qBl7D0xwHP9sZOMfleU="></latexit>

m → gω, ω/T → O(1)

<latexit sha1_base64="n8DZTxm5Pi3GZTi7trl6K2JlfkA="></latexit>

! = ωT 2

• Self energies become field dependent: 
<latexit sha1_base64="qSGcwfRNmFbpXDTqi0qpoImEwKE="></latexit>

!(ω, T ) → T 2J →
B/F

(
m2(ω)

T 2

)
+ . . .

<latexit sha1_base64="RgJM5T4HWKPo6gihO0XsO3jDYCU="></latexit>

m → ωε
<latexit sha1_base64="XoQBKgjiKmOrfRVb5K6R/5Oi69Q="></latexit>

J →
B

(m2(ω)

T 2

)
+ . . .
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Self-Consistent Thermal Masses: Gap Equation

• This motivates a self-consistent determination of the dressed mass:

• Beyond high-T, self-energy depends on mass running inside the loop
<latexit sha1_base64="HPMn8r+rWL+yui+6BffLVh28iJc="></latexit>

! = !(m2(ω), T )

<latexit sha1_base64="adlOIKobGE+zPdM7roHwy9w7SeA="></latexit>

M2(ω, T ) = m2(ω) +!(M2(ω, T ), T )

• Iterating the gap equation gives:

Gap Equation

<latexit sha1_base64="RlSxwk2C3ppzdInRa3y2J/0Sf/A="></latexit>

M2
(0) = m2, M2

(n+1) = m2 +!(M2
(n), T )
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Beyond Daisies: The Relevant Topologies
[2016 Curtin, Meade, Ramani]

Single-scalar  
case: 

<latexit sha1_base64="6qNX93wIKqbvGFv4IbVk8V1Mogc="></latexit>

N = 1
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<latexit sha1_base64="6qNX93wIKqbvGFv4IbVk8V1Mogc="></latexit>

N = 1

<latexit sha1_base64="uZ/cjXTkX7BhnlGq39mRfdj4aKA="></latexit>ω

<latexit sha1_base64="6xWH/yG3xQ83oINL583kIXBPyV4="></latexit>

ω =
εNT 2

m2
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Beyond Daisies: The Relevant Topologies
[2016 Curtin, Meade, Ramani]

<latexit sha1_base64="SGsU5n/t2z6zxdzLPLcSxXZ1czk="></latexit>

ωm2
1

<latexit sha1_base64="vnkmXpgzWRWGOOI0+pp6rVra6yI="></latexit>

ωm2
D

<latexit sha1_base64="v1RBD26JXSa1ed/VKtPt5P1tM6s="></latexit>

ωm2
SD

<latexit sha1_base64="JMvG0wImQV5lNfmrpLamImeMGIc="></latexit>

ωm2
LL

<latexit sha1_base64="p74PCNQEEFsWwxFzz8cOucCxlQI="></latexit>
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not generated 
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wrong combina- 
torial factor

Lollipop

Single-scalar  
case: 

<latexit sha1_base64="6qNX93wIKqbvGFv4IbVk8V1Mogc="></latexit>

N = 1

<latexit sha1_base64="uZ/cjXTkX7BhnlGq39mRfdj4aKA="></latexit>ω

<latexit sha1_base64="6xWH/yG3xQ83oINL583kIXBPyV4="></latexit>

ω =
εNT 2

m2
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Convergence After Resummation

<latexit sha1_base64="9a7FwWTCPEEPmaweRbCvXwmtLiE="></latexit>

ωm2
LL

ωm2
D

→ m

T

1

N
= ε

1

N
<latexit sha1_base64="IAQaOdQwlNifvvvPeddHdwjwuyI="></latexit>,

<latexit sha1_base64="69heyaEUDngvaYvfMfGTjXpwYiE="></latexit>

ωm2
SS

ωm2
D

→ ε
m

T

ϑ2

T 2

1

N2
= ϖ

ϑ2

T 2

1

N2

<latexit sha1_base64="69heyaEUDngvaYvfMfGTjXpwYiE="></latexit>

ωm2
SS

ωm2
D

→ ε
m

T

ϑ2

T 2

1

N2
= ϖ

ϑ2

T 2

1

N2

<latexit sha1_base64="9a7FwWTCPEEPmaweRbCvXwmtLiE="></latexit>

ωm2
LL

ωm2
D

→ m

T

1

N
= ε

1

N

• After resumming in    , compare leading contributions from different families:

• Other subleading topologies:

<latexit sha1_base64="bXixbghYeuX68mPfV9F3evPfB/k="></latexit>ω
<latexit sha1_base64="24fpFGN4IPbZZdEWktHlpCdyxPY="></latexit>

ωm2
D

ωm2
1

→ ωm2
SD

ωm2
D

→ εN
T

m
↑ ϑ

controls the hierarchy of the resummed expansion.<latexit sha1_base64="oOQ1CU60pV/ERMd5o7p/cWBCm/0="></latexit>

ω
<latexit sha1_base64="4xRm0+ibb1jq54OT4uvw+mnOBM4="></latexit>

ω → 1 ↑↓ ε = ω
m

T
→

↔
Nϑ ↗ 1

Superdaisy, lollipop and sunset enter at same next order in <latexit sha1_base64="oOQ1CU60pV/ERMd5o7p/cWBCm/0="></latexit>

ω
(up to additional    and        surpression)<latexit sha1_base64="Aw1Dz7s/kevL9D6uzfvaMUIzD3c="></latexit>

N
<latexit sha1_base64="uwF4EXZbhQUMJraP5160QQZZq1U="></latexit>

ω/T
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Dressing Procedure

Partial Dressing (PD):Full Dressing (FD): 

Dressed propagator and vertex Dressed propagator

<latexit sha1_base64="l8S9IAL84VnaVdFW5jYmDxN4Ka8="></latexit>

V fd
e! (ω, T ) = Vtree + VCW(M2) + VT (M2)

• Direct mass replacement in CW and 
thermal potential (standard approach)

• Mass replacement in tadpole, 
integrating back w.r.t. field

<latexit sha1_base64="msfYkPZyoJkscs8/SwW56O9XG1w="></latexit>

dV fd
e!

dω
→

(
dM2

dω

)∫

p

1

w2
n + p2 +M2

<latexit sha1_base64="Io6ik5YWqglAbH3YuLwGakDH+Pg="></latexit>

dV pd
e!

dω
→

(
dm2

dω

)∫

p

1

w2
n + p2 +M2

<latexit sha1_base64="z+RbWMDmaGunEmXteQCjYPjoXGA="></latexit>

→
∑

n

∫

p
log(ω2

n + p2 +M2)

<latexit sha1_base64="EIm0TuwnP6oqf6sv6GMFcGlzrNo="></latexit>

V pd
e! = Vtree +

∫
dω

d(VCW + VT )

dω
(M2)

<latexit sha1_base64="60fYLZsqfW9v1Ka5x6SQAEV2jwY="></latexit>

→ d

dω

∑

n

∫

p
log(ε2

n + p2 +m2)

∣∣∣∣
m2→M2
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Full Dressing (FD) vs. Partial Dressing (PD)

Which one is the correct one?

[1993 Boyd, Brahm, Hsu]
FD miscounts daisy and superdaisy diagrams beyond one-loop order

Notice: At leading order in temperature                , both schemes agree!                    
a            This approximation is called Truncated Full Dressing (TFD).

<latexit sha1_base64="+GZOxKm3IR+57ALCxG8gPWwSIOI="></latexit>

(! → T 2)

<latexit sha1_base64="oC1C5lXRod2Cxm77eni8lZJDuWg="></latexit>

V →pd
e! (ω, T ) =

<latexit sha1_base64="DLKQeS0kGwvtyuwdmY4wMdhSxM4="></latexit>

V →fd
e! (ω, T ) =
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<latexit sha1_base64="sy7Hv3k4+HaleDQY4BLM0sy7N3w="></latexit>

VT (h, T ) →
T 4

2ω2
JB/F

(
m2

i (h)

T 2

)
,

<latexit sha1_base64="uL2TYokzcPtainkfzW3J7gZ3i1c="></latexit>

!i(h, T ) →
∑

j

cij
[
T 2 J →

B/F

(
m2

j (h)

T 2

)
+ · · ·

]
.

Optimised Partial Dressing (OPD)

[2016 Curtin, Meade, Ramani]
[2022 Curtin, Roy, White]

• Thermal effective potential and self-energies are functions of thermal 
bosonic/fermionic functions:

• Thermal functions admit a high-temperature expansion:
<latexit sha1_base64="kZ2Qb+OeBohLwR8g7QSvjpnumh0="></latexit>

JB(x) = →ω4

45
+

ω2

12
x→ ω

6
x3/2 → x2

32
log

x

ab
+ · · ·

• Optimised Partial Dressing (OPD) uses hight-T approximation for effective 
masses, but keeps the full thermal functions in effective potential

High accuracy, only               slower than TFD<latexit sha1_base64="++kLg9/m27e9wF9b1HdO0HZFLLE="></latexit>

O(10%)



2. The Work
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SM Self Energies

• Scalars

• Gauge bosons

• Ghosts

<latexit sha1_base64="NMVr3w3y/qs1rETk+lFvVktfhw4="></latexit>

→ T 2J →
B(m

2/T 2)

<latexit sha1_base64="Xajl9evN7DBWHSU9OP18qwfRjOQ="></latexit>

→ m2J →→
B(m

2/T 2)

Work done in     

using OPD and 
second derivative 
of potential

[2016 Curtin,Meade, 
Ramani]

<latexit sha1_base64="Xajl9evN7DBWHSU9OP18qwfRjOQ="></latexit>

→ m2J →→
B(m

2/T 2)
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<latexit sha1_base64="Xajl9evN7DBWHSU9OP18qwfRjOQ="></latexit>

→ m2J →→
B(m

2/T 2)

Include Contributions Beyond Leading Order in T
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Scalar PD Resummation

<latexit sha1_base64="0CDMdOYvDMTNXDL8yFjJtWd7maI="></latexit>

D0(p,ωn)ij =
(
ω2
n + p2 +m2

ω(h, ε)
)→1

ij
.

with scalar propagator:

• Start from the scalar tadpole:

with 

• Resum self-energy insertions into propagator:
<latexit sha1_base64="ntkZFguP7ySCbtCpBsZU6Zk0GEQ="></latexit>

D0(p,ωn)ij →↑ D(p,ωn)ij =
(
ω2
n + p2 +m2

ω(h, ε) +!(0)
)→1

ij

<latexit sha1_base64="QxqB0FLEwy27g88HYt/nRQ9y9To="></latexit>

!ij(0) = diag (!G±(0),!G±(0),!h(0),!G0(0))

<latexit sha1_base64="vp1AJrK5pGgD4/Tsriqyy41wGGk="></latexit>

= diag(m2
G± ,m2

G± ,m2
h,m

2
G0)

<latexit sha1_base64="wiwM3BgiRKOMcB7ZIrFpDlNAVoc="></latexit>

!scalar
1 → 1

2
Tr logD→1

0 (p,ωn) =↑ V ↑
scalar(h, T ) → T

∑

n

∫

p
tr
[
D0(p,ωn)εhm

2
ω(h, ϑ)

]
.
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Scalar PD Resummation

<latexit sha1_base64="6DBbwjcW8giLbcdTGUzRBT2warA="></latexit>

M2
s(h, T ) = m2

s(h, ω) +!s(0), s → {G±, h,G0}

<latexit sha1_base64="PAHBMq31Jx6+5FaOivLex1lutzE="></latexit>

V →PD
scalar(h) →

∑

s

ns
d

dh

[
m4

s(h, ω)

64ε2

(
log

m2
s(h, ω)

µ2
↑ 3

2

)
+

T 4

2ε2
JB

(
m2

s(h, ω)

T 2

)]

m2
s ↓ M2

s

with <latexit sha1_base64="8/FeCiOTKlfCisqV6CeWdmfx8Lw="></latexit>

nG± = 2, nh = nG0 = 1

Important: Replace only explicit mass arguments; do not dress derivatives!

and effective mass

Final PD-resummed scalar tadpole:

• Trace reduces to a sum over scalar modes:
<latexit sha1_base64="qaMgXlJBJJoq7Turc/7P8ohkjUA="></latexit>

s → {G±, h,G0),
<latexit sha1_base64="69F5LzpH5Wqh/AfyJXMtmPE/VF8="></latexit>

tr
[
D(p,ωn) εhm

2
ω(h, ϑ)

]
=

∑

s

ns
εhm2

s(h, ϑ)

ω2
n + p2 +M2

s(h, T )
.
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Gauge-Boson PD Resummation

• Start from the gauge boson tadpole:

<latexit sha1_base64="AmDL/GC6YagUX26mUC+jMtJOoxQ="></latexit>

Lorentz space→ internal gauge spaceLives in

with gauge boson propagator:

<latexit sha1_base64="lgTrGoiqo9ZCmovbMPrdevvglnY="></latexit>

D0(p,ωn)
µω
ab → (PT + PL)

µω(p2 +m2
A)

→1
ab + ε Pµω

D (p2 + εm2
A)

→1
ab

<latexit sha1_base64="eBqToVQV9/0bhx3EyEVWeoD8XF4="></latexit>

(PT + PL)
µω

︸ ︷︷ ︸

= ωµω → kµkω

k2

<latexit sha1_base64="SFyJsigCYvioKe8E/F0BWtRdLa0="></latexit>

Pµω
D︸︷︷︸

=
kµkω

k2

<latexit sha1_base64="GzZuDvCgHJVV4GpcISWgKh0Uw78="></latexit>

PiPj = ωijPi

projectors

<latexit sha1_base64="G7X6W20R8vs147oTqOIZ29WxddY="></latexit>

,
∑

i

Pi = 1

<latexit sha1_base64="UFRDHYUOHBD4AoivplFqOUSpsNg="></latexit>

!gauge
1 → 1

2
Tr logD→1

0 (p,ωn) =↑ V ↑
gauge(h, T ) → T

∑

n

∫

p
tr
[
D0(p,ωn) εhm

2
A(h)

]
.

= diag
(
m2

W , m2
W , m2

Z , 0
))

a
b
=

d
iag
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• Thermal medium introduces preferred four-velocity     — general tensor 
decomposition:

<latexit sha1_base64="dVxFVJI0FWVVj25UllRcUEzFdvc="></latexit>

!µω
ab (k) = Pµω

T !T (k)ab + Pµω
L !L(k)ab + Pµω

C !C(k)ab + Pµω
D !D(k)ab

• In static infrared limit                            :
<latexit sha1_base64="1sg0PqW+sA+z2mR1xY/K4sCX8H0="></latexit>

(k0 = 0, |k| → 0)

<latexit sha1_base64="yEN+gtFp5CDBbef3XPf/Xe5my2Q="></latexit>

uµ

[1997 Weldon]

<latexit sha1_base64="FwGmssAkZHVBUcyNw9F69DsyB9M="></latexit>

!µω
ab (0) = (Pµω

T + Pµω
D )!T (0)ab + Pµω

L !L(0)ab

<latexit sha1_base64="jHaRLUiCKSk/3YHDI9+7Zw8oywU="></latexit>

!T (0)ab = !D(0)ab, !C(0)ab = 0

spatially trans.
<latexit sha1_base64="IoLVgbykz/ILz7o4fuM2WyB/854="></latexit>

(→ k)
thermal long.

<latexit sha1_base64="2qllsqUX89PDy3kJUPytc1gRf5o="></latexit>

→ kµ
<latexit sha1_base64="CiyKXzDrjwRrR7vaPyXkulO9VF8="></latexit>

(u, k)within -plane
four longitudinal

<latexit sha1_base64="wODSdKN+PG7xNRPCQSEhLucHMpM="></latexit>

→ kµ

Gauge-Boson PD Resummation
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• Independent self-energies from temporal and spatial components:     

<latexit sha1_base64="FwGmssAkZHVBUcyNw9F69DsyB9M="></latexit>

!µω
ab (0) = (Pµω

T + Pµω
D )!T (0)ab + Pµω

L !L(0)ab

<latexit sha1_base64="BJyP9Es5jtLalAutKNytONriOCE="></latexit>

M2
L = m2

A +!00(0), M2
T = M2

D = m2
A

<latexit sha1_base64="qtxGushuApsLHb6cSRZh9BgphvY="></latexit>

M2
T = M2

D = m2
A +!ii(0)

<latexit sha1_base64="BJyP9Es5jtLalAutKNytONriOCE="></latexit>

M2
L = m2

A +!00(0), M2
T = M2

D = m2
A

Leading high-T Beyond leading high-T

<latexit sha1_base64="BJyP9Es5jtLalAutKNytONriOCE="></latexit>

M2
L = m2

A +!00(0), M2
T = M2

D = m2
A

Only L-sector receives thermal 
mass correction

T- and D-sectors receive 
corrections

<latexit sha1_base64="uvdTkT7ZryTJLe4xkQ+LkMJBNYI="></latexit>

!T (0)ab = !ii
ab(0)

T→m
→→→→↑ O(T 2) = 0 (no sum over i)

<latexit sha1_base64="JzmDgiot+KDasHSiXcoh9JhBckY="></latexit>

!L(0)ab = !00
ab(0)

T→m
→→→→↑ O(T 2) ↓= 0

<latexit sha1_base64="DCGJ+smYx3fgC3htrEtsKhPGESw="></latexit>

!00
ab(0)

∣∣
LOHT

→ g2T 2 ↑= 0,
<latexit sha1_base64="U+m+gNaWioMmqkz8Nx3nlUKa6jk="></latexit>

!ii
ab(0)

∣∣
LOHT

= 0 (no sum over i)

Gauge-Boson PD Resummation
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• Working in tree-level mass basis 

How about internal gauge space?

• Unlike scalar sector, gauge boson sector features mixing:

<latexit sha1_base64="PpXxwoLT6eT0El0q3g9AzXw2uSk="></latexit>

m2
A(h)ab = diag

(
m2

W , m2
W , m2

Z , 0
)

diagonal

off-diagonal

<latexit sha1_base64="NGqJD6UsjXMVpAsy45u22LVP3gw="></latexit>

!X(0)ab =





!W,X(0) 0 0 0
0 !W,X(0) 0 0
0 0 !Z,X(0) !Zω,X(0)
0 0 !ωZ,X(0) !ω,X(0)





but neutral sector needs more treatment!
Charged sector gets simple mass shift

<latexit sha1_base64="7hhoKOasQA0YuB9OmDYDVe+Y/gA="></latexit>

m2
W (h) → M2

W,X ↑ m2
W (h) +!W,X(0)

Gauge-Boson PD Resummation
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• Propagator becomes diagonal:

• Diagonalise neutral 2x2 mass matrix                                                              
using orthogonal transformations:

• Evaluate the trace: Eigenmodes weighted by overlap with tree-level Z

<latexit sha1_base64="C1+HMM4JTQ7QkWWD0BHSTjdH064="></latexit>

(M2
X)Zω =

(
m2

Z +!Z,X(0) !Zω,X(0)
!ωZ,X(0) !ω,X(0)

)

<latexit sha1_base64="olAZ18o+AcYZ3+G5MsURQaV0b/c="></latexit>

UT
X(M2

X)ZωUX = diag(M2
1,X ,M2

2,X)

<latexit sha1_base64="3aaVNEOzp4CgwbN6tA+vca1F4+M="></latexit>

DX(p,ωn)(Zω) = UX diag

(
1

ω2
n + p2 +M2

1,X

,
1

ω2
n + p2 +M2

2,X

)
UT
X .

<latexit sha1_base64="OeMTbZgpe0I+6f7VbNQcIWXjlXw="></latexit>

Tr
[
DX(p,ωn)(Zω)

(
εhm

2
A

)
(Zω)

]
=

2∑

i=1

U 2
Zi,X m2 →

Z (h)

ω2
n + p2 +M2

i,X(h, T )
.

<latexit sha1_base64="wjhNZrBdHvRBcpkP0az2RGTfLKs="></latexit>

tr

Gauge-Boson PD Resummation



Superdaisy Resummation in Theories with Broken Gauge Symmetries — 25/08/2026 — Martin Münzenberg 24

<latexit sha1_base64="IT4oSTv/u/lbtJfTR713OhtM/wo="></latexit>

V →PD
gauge(h) →

∑

X

nX

{
2

d

dh

[
m4

W,X(h)

64ω2

(
log

m2
W,X(h)

µ2
↑ 3

2

)
+

T 4

2ω2
JB

(m2
W,X(h)

T 2

)]

m2
W ↓ M2

W,X

+
2∑

i=1

U 2
Zi,X

d

dh

[
m4

Z,X(h)

64ω2

(
log

m2
Z,X(h)

µ2
↑ 3

2

)
+

T 4

2ω2
JB

(m2
Z,X(h)

T 2

)]

m2
Z ↓ M2

i,X

}
,

<latexit sha1_base64="l8uqS1EPAVDfaEbb83K435vI3DU="></latexit>

(M2
T )ab = (M2

D)ab = m2
A(h)ab +!ii

ab(0),

(M2
L)ab = m2

A(h)ab +!00
ab(0).

• Each Lorentz                          sector has its own mass matrix:

Final PD-resummed gauge-boson tadpole:

<latexit sha1_base64="I1Syvp5rLBKxnnHgUCtSK0IVxbU="></latexit>

m2
W/Z,X(h) =

[
1 + (ω → 1)εXD

]
m2

W/Z(h)
<latexit sha1_base64="nqracW0TNqt1lk810VwIuD/PTDE="></latexit>

nT = 2, nL = nD = 1with and

<latexit sha1_base64="nP5i+Bs3CBrUb/y3HnRNlI4MvQE="></latexit>

X → {L, T,D}

Gauge-Boson PD Resummation
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Ghosts PD Resummation

• Start from the ghost tadpole:
<latexit sha1_base64="lSw7fMNyglTkGihUQ3xYpz3G4Dc="></latexit>

!ghost
1 → ↑Tr logD→1

0 =↓ V ↑
ghost(h, T ) → ↑T

∑

n

∫

p
tr
[
D0(p,ωn) εh

(
ϑm2

A(h)
)]

with ghost propagator:
<latexit sha1_base64="PqQCS9OSwiQ8oGEaOT0yw0YkAls="></latexit>(
D0(p,ωn)

)
ab

=
[
ω2
n + p2 + εm2

A(h)
]→1

ab
.

)ab = diag
(
m2

W , m2
W , m2

Z , 0
)

• In the infrared limit, ghost self-energies have no leading            contribution   
Only relevant beyond leading high-T

<latexit sha1_base64="ZrqHMmVQs149FeiD3eHV5tkyC5k="></latexit>

O(T 2)

• Resum daisy insertions into the propagator:
<latexit sha1_base64="Prn7gyKvcNm4C10Wa40tknvmIZc="></latexit>

D0(p,ωn)ab →↑ D(p,ωn)ab =
(
ω2
n + p2 + εm2

A +!c(0)
)→1

ab
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Ghosts PD Resummation

<latexit sha1_base64="7tiLcBz/FRd9YWFp829chiHNzMw="></latexit>

M2
c(h, T ) =





ωm2
W +!c± 0 0 0

0 ωm2
W +!c± 0 0

0 0 ωm2
Z +!cZ !c̄Zcω

0 0 0 0



 .

• Effective mass matrix is given by: Only these entries receive 
mass corrections

<latexit sha1_base64="OzVgOr3cwIuVCvTDEk2yTMY62RU="></latexit>

V →PD
ghost(h) → ↑2

d

dh

[
(ωm2

W (h))2

64ε2

(
log

ωm2
W (h)

µ2
↑ 3

2

)
+

T 4

2ε2
JB

(ωm2
W (h)

T 2

)]

ωm2
W ↓ M2

c±

↑ d

dh

[
(ωm2

Z(h))
2

64ε2

(
log

ωm2
Z(h)

µ2
↑ 3

2

)
+

T 4

2ε2
JB

(ωm2
Z(h)

T 2

)]

ωm2
Z ↓ M2

cZ

.

<latexit sha1_base64="bL3H2VTmullfn1inLsXWhuuLh/4="></latexit>

= M2
c±

<latexit sha1_base64="wD+fFWdlmnmmXLIH0GV2NDz4eUA="></latexit>

= M2
cZ

Final PD-resummed ghost tadpole:
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Self-Consistent Gap Equations

• Beyond leading high-T, self-energies depend on the masses running inside the 
loops through thermal functions 

<latexit sha1_base64="tcYQLdnqyASX4TFUQLeJ/bbepRQ="></latexit>

M2
i (h, T ) = m2

i (h) +!i

(
{M2

j (h, T )};h, T
)

<latexit sha1_base64="maggfeIzKGv7UeaPfpRGpbE3y94="></latexit>

M2
i,(n+1) = m2

i +!i

(
{M2

j,(n)};h, T
)
, M2

i,(0) = m2
i .

Solve self-consistent gap equation:

• Numerically, we solve iteratively:

<latexit sha1_base64="WxUw8P7vaIlP7wLlWo/hlqfRa2I="></latexit>

JB(m
2/T 2)/JF (m

2/T 2)

<latexit sha1_base64="9CUG351EJWeVgxNVA3AClIwug5Q="></latexit>

n = 0 : daisy →↑ n > 0 : superdaisies
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• All sectors are coupled through the masses appearing inside  <latexit sha1_base64="6nkZCz0/vUPztUNcsxVR9e6Y3PM="></latexit>

!i

<latexit sha1_base64="Uyi5w02nAP6IRKnJvBDPRsy/URM="></latexit>

M2
s = m2

s(h, ω) +!s

(
{M2

j};h, T
)
, s → {G±, h,G0}.

<latexit sha1_base64="Bl3aLQZcHzUAeCVC9Qb8h/g/HE0="></latexit>

M2
ci = ωm2

i (h) +!ci

(
{M2

j};h, T
)
, ci → {c±, cZ}.

<latexit sha1_base64="NPi2m/HN8nNOMDxM+6pin2gDm6o="></latexit>(
M2

L

)
ab

=
(
m2

A

)
ab

+!00
ab

(
{M2

j};h, T
)
,

<latexit sha1_base64="sIYyvwSHYy3ay9ozI1kBUvcZZpg="></latexit>(
M2

T

)
ab

=
(
M2

D

)
ab

=
(
m2

A

)
ab

+!ii
ab

(
{M2

j};h, T
)
.

Scalars

Ghosts

Longitudinal GB

Transverse GB

At each iteration, evaluate all self-energies using the complete mass 
spectrum from previous iteration, then update all masses simultaneously.

Self-Consistent Gap Equations



3. Numerical Results
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Gap Equation: Convergence

All scalar and longitudinal gauge masses converge rapidly 
and simultaneously!
(Sufficient to use n=4 in further numerical results)

<latexit sha1_base64="l7OjQivLkKpmFX75CcrQpxJOyck="></latexit>

T → Tc
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Gap Equation: Effective Masses

OPD ≃ PD
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Effective Potential: Convergence

The effective potential rapidly stabilizes under gap-equation iteration; n=4 is 
used for subsequent numerical analysis.
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The Barrier Disappears

Including gauge sector self-consistently removes weak first-order 
barrier and drives perturbative result toward known SM crossover.
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Future Work

1. Include lollipop diagram and correct sunset combinatorical factor:
Analytic and numerical study of scale dependence

2. Thermal decoupling and degrees of freedom:
compare with standard dressing and extend to first-order PTs / bubble-wall  
velocities

3. Gauge-parameter dependence:

Compare             and thermodynamic quantities with standard high-T 
resummation

<latexit sha1_base64="PdsiNfQQjSqyQ103n/l+xFwsQ9U="></latexit>
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