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ABSTRACT

The electraweak phese Lrangition i reviewed in light of soma recent devalop-
mepts. Emphasis is oo Lhe ssure whether the transilion i% Rral or s2cond order and
its posmble mle in the generation of 1he baryon asymmetry of 1he universe
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1. Introduction

Key festur=s of the observabl universe are often thought Lo be the reauits
transient phenomens which occureed in i canrse of its evolution. The electooweak
phaze transition {(EWPT) iz such & phenneennn Hewgver, uatil reeently, it was
thought to bear mo conseguences for today™ universe. In a classic paper, Kuzmin.
Aubakev end Shaposhaikov showeAd otherws - ' They uncovered the possibilidy tha
the master antimutter asymmetry of today v werld eonld have been produced dur-
ing the EWPFT through non-periarbative ploveics, | their picoeering work, they
eslablished the necctsity of B Arst arder phase transilion, Varioos groups heve sinee
proposrd a weadth of explicit mechanizms.? ' I his become imperative 1o broaden
our understanding of the EWPT 10 urder 10 transiora & seenaro of baryogenesis
into an actual prediction of 1he baryon omneetey of the universs (HAL) thet can
be confronfed with observatiuns. In Wl folloaing, T will deseribe recant progreas
made 1n thie direction using the meaimal 1 wsdard model as & protatype.

2. Flrat Deder v, Second Orler

27, The Effectioe Potentind

The standard metheod of detsrenining the ovder of the EWEPT 4 10 compute
the effective potential 1@, ) for the higoe vrv $, taking inte scconnt the coupliog of
the vacuum to a thermal bath of particles Be e temperature of shout 100 Ge¥, The
caleulutions are vsually done in the imagnery time lormalism. Here ia n resd time
picture. Let us construch & fictitions ¢wall imnterpolatiog between the two phases
and held steady 1 the plesma by & ‘equale s roes, The goal in to compute Yie. T
across the well, that a8, minus the Gotal proc-<gee in the plasms, The unbroken phase
is flled with & gas of relativiatic prreicles w boee preasure i3 known to be 4° i;i"‘ with
¢~ 1. The pressure in 8 given ssmion of <paee {8 the Intter supplementad with
n pure higgs contribution —¥(¢} an:l the toted cnomentum exchengsd betwoen the
wall and the plasma iotegrated up o b~ piint. The lakler is ensily compated for
a single particle viz conservation of cnengy. k7 4 mia)® = conalant* Thie vislds Lhe
fallowing reqult
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with D. £, 3r and T, lunctions of the couplings of the theory. The cubic iorm
onginales from the bosonic sector: E « nih., md. T soe that, note that the Doze-
Einstein distribution of£) behaves a3 L. a3 k — 0. Inputting this information in
Eg. {1) readily generstes x vepm ~ o The dets indicats that Eq, {1} corresponds to
& one loop caleulation. 1t is known thet there areinfrared divergences nl higher ardee
i the busonic seetor which contribute sfectively aa {E i". One can worry whether,
onor properly taken into account. they wouldn™t wesh away the one lonp infrared
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effect  An answer using wmagnany tme techmgues, was recontly proposed * 7 Tis
real time conmterpart goes o follows Gruge snteractions in the pleama affect ihe
Iow momentnm bochayvior of the gauge bosons, ginng them an additional mess o
whith 15 non vamshmg in the ot of smadl ¢ N s che polanzabion tensar of
the zere modes of the gouge bosons computed 1n 1maginrery bme This emounta
1o reducing the popmlation of the long warvelength excitabhions of the gauge felds
from T/m t¢ the smaller vadue TvmT 4 T by sereequng them »ith 8 clovd of 51007
charged partieles o dranatic offect ;i the but ¢ — 0 Aninfrered improved sffective
palential © ‘{4 T1 can then be computed by the above method wilh the replacement

AlE] — ™ El = fenpivE ¥ m + M- 1) One chumae BEg (2] with the subsutution
T
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M, r. oot be compnted periuchatively  In leading order 1k 16 ~ p*T and dominates
the mass term 1n the mterpolating wall betuesn the two phates, in such & case,
Its coptnibution (o Eg (3 15 pelinomual i #* which orly shightly corrects the
parameters O and by e, 7, 15 not computable perturbatively but & beheved? o
be at most — g'T? 1n such & case 1t can be ignored® and the RHE of Eq {3) turne
inte a term cuble i ¢ 49 2 resull one obtains

L fpe 1= £T7 - T2 grn.u ij:a' * )

w here now the dots refer to perturbatin e eorrecteons  The presence of the cubae
tarm i this wmprosed offectin e potental imphet a fivst order phass tragsicon Thia
conclumon 1s subject to careats [1) The phase transition w ould be of 7# order of the

mageetic mass 0, were found te be significantly larger (2] Gleger avd Kalbt
argued on the basis of an « expansion appled ta & sumpler sy atem wikth snzlar
small ¢ behavior that Eq (4} doesn t Jdescmibe propech long range Auctuations 1o
the sealar sector * Thes cxpect a more w&sbly fievt order phase cranation

22 Completron of the Phasr Tranutien
The uninerse supercocls unntil *hermal fuctustiens are able ta destabihre

the «istem at o significant rate  This comesponds to the nueleaton of “cntweal
bubbles  Thesw bubbles ool 10 B macrawope siwe — 107 "2g=1 hafore Lhey
callide and fill the untverse Doring ths short period (3 ~ 1077} barpogenesis takes
place 1o the propagaimg balble walls Alternatives to the scenans abeve bave been
proposed  Forin-tance Rolb and Gle ser ® fime argaed (that long range Auctustions
arc <o rapid at the phase {ran«itzon that (he uruerse 12 more adequately deseribed
b an coutsion »f cubertical damans of both vacoa whoch smoothly uiterpolates
Lt ocen the two phapes na the umserae cools donn This scenanos has been st rongly
erticized’? and shown ta be posmbly relevant for 2 range of parameters orthogooanl

“Ercepl 1o s region of small ¢ which doesn ¢ affecy Lhe qlu].l'ul:u-r Behawew o 1 ‘I{l- *

*Thepr flpcruaceons wre igpored pn Eq (48 An wommpoon beleved 1o be reasonabie 1T the bges mass w
Teekow 150 el

to the ones which allow baryogeneas  This comes sboul by requining the frecong-
gut of the baryon wolating processas 1o the broken phase in ecder to prevent the
washing outof the BA, in the standard mummal model” and with the use ol Eq {4),
this requires & higgs mase na larger than 40 GeV, far below the cxpermental Lmit

3. Bubble Wall Oynamics

31 Bubble Wall Velocaly

All Lhe soenarios of baryogenens make convernsnt asyumptions on Lhe shape
and welocity of the wall In the scenanos makong wse of the quanlum mechancal
seflection of top quacks,’ the wall thickoess 15 essunied te be of the order of the
Compton wevelenglh of the reflected pacticles 1o order to prevent an exoessive sup
pressian This conditwn requines particuler condilwons  the wall Lthickness bang
typreally one or (wo ovders of magmitude too large  In Lhe scenanwes of baryoge
oeer mnde the mall,? the welooity 13 assumed ta be large enangh o prevent the
BAU ta diffute and be washed cut i the unbroken phase bot it 13 essuned o be
glow encugh to maximize the productien rate ¥ The physict of the damping of
the wall wag only tecently understood 7 The moving wall sets the plasma owt of
squibbrym alE] = n{E] + to{ £} by a0 ameunt proportionad te the velooty Tha
excert Sl £} generates, m tuzh, accatding 1o Eq (1) en addibional component te
the precsure which grews until 1t balanmes the difference 1n préssure across the wall
Thus condition Sxes the velotity v ta be un the range of 805 to I, depending an the
parimeters A manpe favocable for baryogenesis

$ 8 Bubile Wall Stabibiy

A relocity smaller than the speed of sound = 046 15 charactenzie of a e
Bagratwon process 1t is commcn bebef thee a deflegranion fronl s unstable under
pertuzbations whose wze 15 Intge cnough to overcome the surface lension - &
These instabihities have been conlrmplatead inothe context of both the EWPT™ and
the QU phese ransitwee ' Howerer Landau's oniginal stabalily analy s was de
signed [or violent macraszopie phenomena A recent hnear slzbabity analysis™ was
taglored for more general phenomena and i particular, for the EWPT whers 1t was
showo that no perturbatwon <an destabulze the moving wall i the allowed range
of velooity  The reason goes as follows A perturbabion of the front tnggers fuetn
Atwome 1 the tempersturs and velocoity of the plasma in both phasea, sl of which
are entgngled by conservation of energy momentum  Addiuonal mformation on the
umcroseapae dinamics has Lo be wsprul bo deteninone completely the subseguent eve-
lubion of the perturbation Landau assumed that the refatne selorty wall plasma
1% unaffected by the Auctualions Howeser we learned abowve that oy the EW cose,
the wall plasma elocity 13 proportional ta 19(# 7 2 sensitn g functbon of the tem
perature, and, conssquently, varymg mgmficently a8 the temperaiure Hucluates
Ths offect tends to oppose to 1he growth of the perturbation  This sepmtivily 13
measured by & dimenzmonless parameber which turns out to br so large ~ b that



1t prévents the perturbation from growng i all.
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