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» no electroweak phase transition within the SM
» "soft point” at T ~ 160 GeV

» imprint on non-equilibrium BSM physics
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We want to estimate the equation of state around the electroweak
crossover through perturbative 3-loop computations as well as

using existing lattice data within a dimensionally reduced effective
theory.
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pe(T)=pe(T)+pm(T)+pc(T)

Manuel Meyer Institute for Theoretical Physics, University of Bern

Standard Model thermodynamics across the electrowe



Basic observable u

pe(T)=pe(T)+pm(T)+pc(T)

PE k~nT
pv  k~gTl
pc k~g>T/m

Manuel Meyer Institute for Theoretical Physics, University of Bern

Standard Model thermodynamics across the electroweak crossover



b
Integration across the EW crossover u

b
UNIVERSITAT

p(T1)
T}
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Integration across the EW crossover u

p(Tl)_p(To):led_T 7.4 [p(T)
T? e n T dT | T*

To <160 GeV , T;> 160 GeV
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Integration across the EW crossover u

o I dT

[ —
A(T)

p(T1) p(To) [TdT _d [p(T)
T_Tg’fr T T—{ T }

in QCD: A(T) - trace anomaly
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Master equation u
4 pP(T)| . 9Fr 202()[Zm(9" )R . 4Por
dT | T* dIn(i/T) T4 T4

where subscript R refers to renormalized quantities, fu is the
renormalization scale parameter and v is the Higgs mass parameter.
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Breaking of scale invariance by quantum u
corrections D

9 {p(T)l ___0pr _ 27(W)[Zn(0'0)]r  4por
dr L T4 | amn(a/T) T T
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Breaking of scale invariance by quantum u
corrections D

S TGV, /S Tl JE A
dT LT ) oIn(a/T) T T

» reading off logarithms in the explicit expression
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Breaking of scale invariance by quantum u
corrections D

S TGV, /S Tl JE A
dT LT ) oIn(a/T) T T

» reading off logarithms in the explicit expression

» deducing them from the running of the couplings
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{ )\ - Obr  2(W)[En(6' )]k Apor

d
TaT 7 aIn(i/T) T4 T4
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{ )\ - Obr  2(W)[En(6' )]k Apor

d
Tar 7 aIn(i/T) T4 T4

Ope . Opm . Opc

;
Zm(0'0) = ov? o2 o2

Kajantie, Laine, Rummukainen, Shaposhnikov [hep-ph/9508379]
D’'Onofrio, Rummukainen, Tranberg [hep-ph/1404.3565] and [hep-ph/1207.0685]
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Vacuum subtraction 17}
Fd [P _ b 2°(W)[Em(0'0)]r , 4por
dT | T4 | 9In(@/T) T T
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Phenomenological results
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Backup
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2
2 14
T 2=
3T2
3|~ | -2+ g2 T2 s &
8_2
o 2 m3~z/2~g2T2
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ol

) Z/ d3 26k 1
(2m)32 (k2 + k2 + m2]”

kb =2nnT

Matsubara modes ,
ky =@n+1)nT
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A(T)=A1(T)+28x(T, i) +As(T, i)
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EoS parameter and speed of sound squared u
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