Strongly first-order electroweak
phase transition, electroweak
sphaleron, and SGWB

Ligong Bian (Chongging University)

55T S B EETIE T Y S@IHEP
July, 31 2020




Contents

1. GW from Strongly first-order phase transition

2. Strongly first-order electroweak phase transition

3. GWs and sphaleron

4. Related topics



Gravitational Wave Periods

Minutes Years Billions

Milliseconds
to Hours to Decades of Years

‘.

LIGO | LIBRDO PTA CMB Polarnzation

¢ weaing A new era: GWs as a new tool for probing
tamersl cosmology and high energy physics
COHSL‘,}B“O“A&'“' : Ecliptic Current: LIGO,PTA,...
vy Future GW experiments:
e LISA, Taiji, TianQin, BBO,
* Spring B DECIGO, ET, CE,

Wave source

llllllll



Particle
physics model

PT parameters ! )
GW power spectrum
Effective action — 3, H.
| Numerical simulations —

”-EQG\‘\’(.{; 11*; x, .83 UW)

Energy budget — a, s(a, vy )

Bubble wall dynamics - v
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backgrounds and their implications for
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One of the LISA goals is the direct detection of a
stochastic GW background of cosmological origin (like
for example the one produced by a first-order phase
transition around the TeV scale) and stochastic fore-
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GW parameters and FOPT
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GW from FOPT QGW(f)h2 ~ st(f)h2 + Qturb(f)h2
Sound Wave: [SRINEPYCRSURE/AM (I—;) lm, (1”:‘2)2 ({3*0)‘% ( jLs“ )3 (4+3(7 )2)7/2

S/ [es
Hindmarsh "17 Ellis "18
phase transition duration: = min | 4, %] H.R, = v,(87)Y3(B/H) 1
Root-mean-square four- 7 3 K, 4000}

2
velocity of the plasma F7 41+ a

81T, 7 g.
fow =193 1075 100 (100

i
ghk

84
MHD tUrbU|ence thmb(j) = 3.30 x 10—4 (ﬁ)_l (eﬁ:ua )5 (i) % Up (f/ftufb)s (l + -f/f‘-tlrb)_T

H l+a 100 1+ 87 fay/(a.H,)]
Caprini ‘09

58 1 1T, g« 5
=27 % 1073 ( H
Jurb Y H o, 100 100) g

Ky (Up, @ ): the fraction of
released energy going to the kinetic energy of the plasma



Implication of 125 GeV Higgs
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Model classes for catalyzing a strongly first order
electroweak phase transition
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AFANAN Sphaleron decay rate
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BNPC , V/T and EW sphaleron
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Class IIB- Dim. six operator, SMEFT

Higgs potential V(H)=-m?*(H'H) + X (H"H)? | (H;?)B
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Electroweak minimum
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Class IlA (1) no extra EWSB: xSM

For the “xSM” model, the gauge invariant finite temperature effective potential is found to be:
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Class Il 2HDM Finite-T potential in 2HDM

V(hl, ho, T) = Vo(hl, hg) -+ Vcw(hl, hg) -+ VCT(hl, hz) -+ Vth(hl, ho, T) -+ Vdaisy (hl, ho, T)

1 1\2 2 A1 h% + Agh%t% v2 A345(h¥t% + h%)
Tree-level Vo(h, h2) = _mlztﬂ (hl haty ) a 2 a 2
- 4 1+ tﬂ 4 1+ tﬁ

1 I
- g,\lh.;1 - g/\ghg -} 1A345h§h§

One-loop at zero temperature:

o i(h,h 72(hy, h
e~ 7o S0 (21058

One-loop at finite temperature:

T m?2(hi, h

To.r) =% 3 Y Ko(yal)
=1

Viassy (R, ha, T) = — I%an[ (b1, ha, T))* = (mF (ha, o))

N
]

Jérémy Bernon, Ligong Bian, Yun Jiang,JHEP 05 (2018) 151



Class Il 2HDM The potential shape
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Class Il 2HDM Sphaleron energy and SFOEWPT condition
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Class IlI
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Sphaleron energy and SFOEWPT condition
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Sphaleron energy and magnetic dipole moment
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Portray sphaleron with GW 27?7
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Triple and quartic Higgs coupling deviation, GW
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LHC say the quantum fluctuation
(quadratic oscillation ) around h=v
with mh=126 GeV, not sensitive to the
specifically potential shape



A;(r,0,¢) — —g FRBUE, &U®, 6)~", (11)

0(n0,0) = EmUee (), a2
By (7, 0,¢) — %hg(r)b’((),é) ((l)) (13)

where A; are SU(2) gauge felds, A; = %A,‘;'ra, v o=
VU2 +v2, and U(8, ¢) is defined as

U6, $) = ( cos e'? sinO) | (14)

— e ?ginf cosB

Adopting the Ag = 0 gauge, the Electroweak sphaleron
energy function can be obtained as:

. 2 ,
Esph[fs h’lshffl] — 477” f(;x d§ |i4 (%) + %(f — f2)2

+_§%V(h1> hZ)w ) (]'5)



