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outline

a long-long time ago in a Universe far-far away
electroweak phase transition happened around 104 GeV
vacuum stability needed new physics below 10 GeV

a gauge singlet stabilized the vacuum and

had a phase transition at 108 GeV leading to
gravitational waves from bubble collisions

potentially in the reach of aLIGO
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electroweak phase transition

» Higgs potential
veff

V =u?(E,T)IH|* + A(E,T)|H|*
+V(T)

evolves with E and T

> u? changes sign T ~ 300 GeV

> the famous Mexican hat forms

» Higgs develops a vev.

E =T in the early Universe
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electroweak vacuum stability

Balazs, Fowlie, Mazumdar & White (2016)

» A changes sign
E ~10° GeV

> unstable vacuum

— 1.0

=
» unless new physics o
before ~ 10° GeV 05} |
Universe falls into
bottomless pit 0.0 s et
; lh lg 20
logyq(/GeV)

C Baldzs | 2017 Jul 7 Nordita Stockholm | page 6 of 18



—~ C | ® beforeitsnews.com/prophecy/2014/01/urgent-warning-the-bottomless-pit-is-being-opened-for-end-times-hell-every-nation-is-contributing-fini @ vy

[Video)

2014 God Particle Project: Opening A Bottomless Pit = Whoa! Heres Why PizzaGate vias Really Slovn

Wide Open! And Who Blew the Whistlel

tD HE" NDW! (DlStu rbl ng VldED‘) Drink Warm Turmeric Water Every Morning for
Friday, January 3, 2014 21:35 12 Months and This Will Happen

_ i The Video That Could Destroy Washington's
() FaceroOK m €D coocLE+ | € sTumsLe | @) REDDIT | () EmAIL Pedo Ring - Very Disturbing!!

Govt. lgnored Child Rape Cases in Favor of

FIASH LIKE Going After Potheads (Videos)
Sacramento Is Being Flooded Even Before
(Before It's Hews) Oroville Dam Breaks - Paul Preston Interview

Oroville Dam & California Mega Storm
Earthguake Catharsis (Video)

Congress Moves to Stop Obama's Coup Attempt
Against Trump (Video)

Y Mass Arrests of Satanic Elite and Vaccine
Conspiracy, Help Spread the Truth. (Videos)

Most Recent Stories

Austin Coppock | Astrology, Trump, & The 2017
Assessment - The Higherside Chats | Conspiracy
and Paranormal Podcast

"Pecple are a Minefield”: A short-short story
Eating For Cheap In Las Vegas

Y Y0OU AND YOUR FAMILY ARE FIRED" —
Oklahoma Restaurant Fires 12 Workers after
Day Without Immigrants.

Y What's Wrong With This Picture?

There's Not Nearly Enough Growth To Keep

The Key to the Bottomless Pit, Top World Researchers are attempting to open el

other dimensions. http://www.BpearthWatch.com _ The Unthinkable Just Happened in Spain

" What Will President Trump Say Today? - Florida
Rally Live Feed

2014 God Particle Project:Opening-A-Battomless Pit toHell Now!(Distis, 4

Australia: Beyond the backyard: urban farming

C Baléz :' | 2017‘-”.-[.'{'7 No,p,d 't!a;'.S.I,QCkhOng :page Z‘Q.;::l%';}{}‘;my?l helps city folk get back to their roots



gauge singlet scalar

» a gauge singlet scalar can stabilize the Higgs potential

» standard particles
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» standard forces

SU(3) x U(1) x SU(2)
strong electroweak

» a singlet doesn’t couple to
gV, LW

chart on left by MissMJ, PBS NOVA, Fermilab, Office of Science,
US Department of Energy, Particle Data Group, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=4286964



gauge singlet scalar model

» scalar potential: masses and interactions at zero temperature

1
Vo(H,S) = p?|HI? + S\ H|
1 2 Q2 1 3 1 4
_ S _ _
—|_ 2 S —I_ 31‘{38 —I_ QASS
1
‘|—I$15|H|2 + 5%252|H|2,

» + thermal contributions to the potential
V=Vo+AVp + AV 4+ AVeow
> free parameters: Mg, Ag, K, K1 5
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phase transition at ~ 108 GeV

Balazs, Fowlie, Mazumdar & White (2016)

2% 10% §—
» S can develop a vev. |
1x 10
> its mass & vev. are set N,
by vacuum stabilityto = (,Jj
5 —1x10%
~ 108 GeV arxiv:1203.0237 =
; —2x10%}
. = |
» accompanying gl
cosmological phase o
transition can be 1% |
order R -1.5x10° ~1.0x 10° ~5.0% 107 0
S (GeV)
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phase transition at ~ 108 GeV

» regions in the para space
1078 GeV <|k1| < 10° GeV
1078 <Ky < 2
102 GeV? <M?3Z < 108 GeV?

exist with

> stable vacuum
» acceptable pheno.

» strong 1%t order phase
transition at ~ 10° GeV
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gravitational wave production

during a 15t order phase transition
gravitational waves are produced by

» collisions of bubble walls

» sound waves in the plasma

» magneto-hydrodynamics turbulence
following bubble collisions
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frequency and amplitude

for bubble collisions the Qv = 109 (31.6HN)2 ( i )2
amplitude and frequency of B B o+ 1
GWs is determined by the

e

43 100\ 3

. , , 3

phase transition properties ¢ (0.43 +U?U) ( 5 )

» length of the PT: 1/f

> “latent heat”: fo 165 H (fN ) ( Tn ) gy \1/6
o~ 16.5Hz - | — -

> wall velocity: v, Hy ) \10° GeV (100)

> nucleation temp: Ty fy = 0.626 :

arXiv:0806.1828
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phase transition properties

» [ is calculated by numerical differentiation of the action

dS, deE/T] Sk

= ——— ~ H
P=""q . N[ dinT | T

T'n
a proper evaluation of §(T) requires a lattice calculation

we reflect uncertainties in our calculation by using a range for 3
» a comes from the latent heat during the phase transition

R\% S\%
Ap= |V - —Ty| —|V--—T
o= |t [,

> v, is approximated to be 0 (1)
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benchmark points

Point ~ M3/GeV® s K/GeV  K1/GeV  ky A ms/GeV g To/GeV Tn/Te B/Hx  Qaw

SSMI  42-10%* 0064 21-107 -49-10° 014 053 45-107 28 3.7-107 0.44 118  1.3.107°
SSMII  69.10% 0073 28.107 -73.10° 015 051 55.107 29 42.10°7 045 110 1.3.107°
SSMIIT 13-10%° 013 74-107 -1.4-10° 009 040 1.3-10® 23 82-10" 0.35 45 6-107°

» calculated all relevant thermal quantities:

nucleation temperature, order parameter, characteristic timescale
» and from those the peak amplitude and frequency
» checked vacuum stability
» checked TeV scale phenomenology (EWSB, Higgs properties, etc.)
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results
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conclusion

aLIGO may see stochastic gravitational waves in a few years
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