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SM interactions change baryon number

∂µJ
µ
B = χ ⇒ ∂tB ∝ Γsph =

1

2

∫
d4x ⟨{χ(x), χ(0)}⟩︸ ︷︷ ︸
hot sphaleron rate

Important input for primordial baryon asymmetry predictions

(baryogenesis, leptogenesis)

Ultrasoft p ∼ g2wT modes dominate Γsph

⇒ Nonperturbative but classical (good for lattice)

Existing results include only weak interactions

χ = (αw/4π) F F̃ is Chern-Simons charge density / B =
∫
d3xJ0B is baryon number
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Important input for primordial baryon asymmetry predictions

(baryogenesis, leptogenesis)

Ultrasoft p ∼ g2wT modes dominate Γsph

⇒ Nonperturbative but classical (good for lattice)

Existing results include only weak interactions

What about other SM interactions?

χ = (αw/4π) F F̃ is Chern-Simons charge density / B =
∫
d3xJ0B is baryon number
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E�ective theory for p ∼ g 2

w
T gauge �elds

D⃗ × B⃗ = Dt E⃗︸︷︷︸
neglect

+J⃗ J⃗ = gw
∑
s

∫
p

p⃗

|p⃗|
(
fs(p)− f s(p)

)
s = particle species / fs , f s = distribution functions (adjoint rep)

fs , f s obey Vlasov-Boltzmann equations ⇒ Solve to �nd J

Next-to-leading log (NLL) approximation yields local current

J = σE + ζ ⇒ Γsph = (10.0± 0.3)︸ ︷︷ ︸
from lattice

·2πT
3σ

α5
wT

4

σ = isospin conductivity / ζ = stochastic noise / gw = weak coupling
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IR divergencies enhance small-angle scattering

Linearized Vlasov-Boltzmann equation:

���vDδfs︸ ︷︷ ︸
O(g2w )

± gw f
′
F E⃗ v⃗ = Cweak[δfs ]︸ ︷︷ ︸

O(g2w ln g
−1
w )

Weak collisions are more enhanced but QCD coupling is larger

⇒ Strong interactions potentially important

Our work: (1) Compute LL strong collision term (Schwinger-Keldysh)

⇒ Single parameter a ∼ g4w log(g−1
w )

g2s log(g−1
s )

characterizes size

(2) Solve resulting di�erential equation
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Strong scatterings raise sphaleron rate by 6%
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15% lower quark contribution ⇒ 6% overall decrease

Simple analytic approximation:

κ ≡ σq
σq���QCD

≈ 0.9767 · a

0.2107+ a
(Error < 1.5%)

σq = quark contribution to isospin conductivity / κ = ratio of with and without QCD
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Conclusions and Outlook

σ = (σ − σq)���QCD︸ ︷︷ ︸
from ℓ, H, W

+ κ · σq���QCD κ = 0.9767 · a

0.2107+ a

We computed leading-log QCD corrections to weak-isospin conductivity

⇒ 6% larger sphaleron rate

Possible next steps: - Next-to-leading log QCD corrections

- Masses (close to EW crossover)

- Going beyond next-to-leading log (new operators)
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