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Electroweak baryogenesis at a strong 1st order transition

CHARGE TRANSPORT

[l expanding bubbles of higgs phase
[ CP violation on bubble walls = CReEsTE CHRAL ASTHM.

0 B violation in symmetric phase ( SPHALERON)
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HYBRID INFLATION

Figure 1. Hybrid Potential, using my = 0%, A = 104, g = 8105 m =
1.5 10 5myy, and M = 10751,
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Strong first order transition in MSSM

allowed “triangle” for MSSM.:
Carena, Quiros, Seco, Wagner, 2000

160

>
g 140 mg= 2TeV
N
E ® (Y
2 strong transition: A¢2T
®
&
§ e
v
o %0 105 110 115 120

m, (GeV) Higgs mass



CARENA, NATON | QUIROS WAGNER

08 ANALYSE N A-LooP IMPROVED (DAey'y.iooP* Loeh)  Theot/
THE PHAK D ACRAM . TIND EXTEN QoM oF

“ALLoweD " REGON |\
QU A CALE H- \VACuA

ANOT (W EFF. D THEoRY
. Mewe, = my > ADHITTIN

toR (AZEE  $SUZy WAgs CeAtE
(THuS MSo SuPPRESUNG- E’DH)

112 114 116 118 120 122 124

: my [GeV] [ my [GeV]

nz 114 116 18 120 122

| Figure 3: Window where ¢(Tf) Oand Ty > T§ + 1.6 GeV in the my-m; plane for
- m = 500 TeV (left panel) andfn = 8000 TeV Jright panel). The allowed region is below the
solid lines and dashed lines for tanj3—= and tan 3 < 5, respectively. The thick solid line is
obtained by ignoring the Higgs mass uncertainty, while the solid thin lines is obtained by including
an uncertainty of 3 GeV in the Higgs mass computation. The Higgs (stop) mass lower bound is

marked by a dotted-dashed (dotted) straight line. In green (right panel) the point that will be
numerically analyzed in the tunneling analysis.




‘08

FuUNA Ky Go |, Fenakk

MSCH -TAeYoGeENERNS ANALYZ2ED (N THE *LIGHT HiGEs BosoN CCENARIO"

C1S)

%k%%/ o = i b-ol) Yhee _
Jn22 /\/\L An "2z
S ALL

L=05 > M~ (00 GeV )

/ < ]
CHOICE Mg (T) = weg, + C’/T" ~ O.

wa(%-&)

“Neoeerep 2! NO “Dacres’

REANALYSGS o F ¥ ( (MuCLEH\ON)/T_ NEEDPED FoR SPHALERIN
:\)ﬁCou.?U“c"

> A.%8 ! Q‘ Aty o cenecs twrt&s&@uz'i!)

RESwicniong B B- THYSCS  TAA

. FIG. 3: The allowed region in the LHS. We take Ay = Ap = —300 GeV, p = 100 GeV, msz = 1200

’\ GeV, m;, = 10™% GeV and other input parameters are presented in the text.

20 T T
mp, = go (;ev 100 GeV
“~ " Excluded by ¥ ]
‘ 18 |- ,' 1 B — TVUr ]
‘ 16 [ ] il
| | :
= ‘ POSENE
‘, = Excludﬁed @0 @07 II Excluded
| by LE '
T o . by LEP |
B U N Rt . T
: Excluded by === .
" 8 M B Xy T
!‘ 120 125 130 135 140

| my+ [GeV]



CONTTIONS Fo€ A CTRoxG TRRSTOKDER ELWk. PT. HucH
EAsiee TO FulFiLL IN THE NHMSCSH, mMCSH e

GIVEN SucH A  ComoNé PHMxE TRANCTON TE PROCEDLRE
TO OBTAIN A [ARYON ASYHMETRY HAS QUITE A TeW SEPS | TUT
ALL OF THEWH VELY CoNMCRETE AND FTEASAUE.

—VH &
o CRIMCAL BuBsdLE (MW DM, (M l—h@@%(%?cg(,b?‘?
« E—-'ﬂ

« TRANSTON. PRO®ARTY  (LANGRe Toen. ) e v
o SUPELCoOLING " [ BURBLE /yniveecs *) j&

NUCLEATION TEM PERATREE. C#
) S@MLE,ROM RATE (HWTidik. IN HEes 7 3 1 y - "

(FLUCTU AN S | | 3

¢ STAMONALY BXPANRON oF ByBeLE

(
— \;UM.\. TROTUE C Hees | symn.

| "\7“ DETACRATION
® DIFFUSON N PRESENCE 0F MOVING WALL a

¥+ WITH  CP-VIOtATING WALL R Bx T _CP (1 Tetacio

QQ\(AMWH) WIRNAN EQS. | ceNgsAte CHaAL ASYHUETEY TLg - N qe



NHSSH | RESULTS  Jov

100 r

ey T 0!

-100

-200 r

-300r

-400

800

600
P 1
[GeV] |

400 +

200 r

%}vemg“ OF U(c P

T

ClALlo
ThASS
L BouNd
globq\ 2wk, heiwt i
[
0 200 400 600 800
Adbﬂ}e\q —
< 5 >=200 GeV
tan 8 = 10
k=05
A=0.05
mo = 200 GeV
0 250 500 750 1000 1250 1500
A40K}GV]—%
/M;”“ =415 GeV awd 2>
» T

\
4

. Hu®ee
WG Sett.

Cel

L8200

Gel



P Jdonwn

T hermisches Tunneln
Mmit mehr als einem Skalarfeld

200+
00

600+

800+

10005

Hote RECENT ol By I HuBel .+ T, Won oran o



REcmuT Worle
PRODPuctioN OF LH QuARKS V(A DiFFuSoN CHUN G

P , CARIRELT
(B) By ‘HoT' SPHALERON OF RLUIK THEORY N gy v
FronT 0F BuBRLE WALL o ey

TheT TREETNG OuT Op SPHAERON TRANGTON N V(T)
HGes PHASS ConSeevrg RALYoM ASYRHETRY T

7

T



=  WALL VELOCITY | VW

l 77 (WoT)

A (Fot)
COSHALL FoR éAG(\/O GfE'ME’§\§ Mg ~ (__g_lﬁ gd,q; " () Q,QP< %TS’?“ >

\/N - po Vw
=
STATIONARY CASE : .7
BUGBLE PREQSURE - TFERENCE =-BuBBLE FractioN R
/ 2V F
AV - "L e (- Ik) Ap
h (so
WALL FrAWE X'%H/t ,@t§=vw8/
OLPER \/\y CALC 6. woowre-
fa\/f < ( 0(% T PRowoPEC
ConTri® %“(D TREQ{AJ.«AC / <TD {-ﬁcc*ﬂD)A
" henyy Paet.’
~— ‘ |
U Bt s F\ — B E

N 0& Flupo APPROXHMATION i E,\:@“&)i _ g"t%j



BOLTZH ANN  EQS. Lmemx@ Q Dk(vﬁ
- 9 [ - i d WiNe TERW 7
O('E'Qi ;.(b_t% +%€%,C( +‘>E(AF%‘@'=CCQ3 DR WIING e

Qo *’g'é

NTEEC LATE CC‘Q.) WerH («\* T")E]):%:> (N I ?
N w1
W Yo HEA\(\/ + L@ HT" BT,
< ( Bac kg Rowd)
Sd?WC(Q)z CF><%} ® ~=5><—CALCLUM“€
T vy NV ARouS MoDELS'

Sevve Fuus 84, T TUNINAE T ?0 ba

= TNAL v SAE T()

g Vop T m Ce Vw

“ V"’ \\c‘(m) C, ( w\( I

g: INSeer N FTricmioN TERH (S) ; Solve For Vw
v ® e Qs

AND WML TROFILE Bl \Cu(,&(hmit
Z



H%%L\{\ (LVWLQQVZS : To? %I’O?g’w P Tonun

S 5. m ek,
TWo m@@ceg 5 ATPaiONE tGes WK 4’th0 +a«(év 1BAT CPio,

| COLLIS QBMS M

| ltl?

| %Hﬁ

120 mU/GeV

210 m/GeV
< Wall velocitysfor increasing stop mass parameter my;.

£
ol

e | The diagram is calculated for tan8 =3, 4, = u = 0, and m,4 = 400GeV.
LoUfave \((D) GAuGz—éO%M PLAeHA (M HoT Wse OV E R DAH PED) G. HooRg.
(+) MDY = D
o) MR G ()f ase s Erep (wAT) (AR
: L

(
- 3, T [ (1-x) dae
= +ReTON ﬁ é{ J;__ #/Cb \ IR Deversad”

# CUTEFF AT q‘>/¢ l\*gﬂ
E?ﬂ HASE - N~ f* 0, L Tor. >/&ng‘u(f

IN FeA RED Dok | NATED !

NNANAANA
]



R —
> (TRANSPoRT) EQS. IN PRESEMCE OF MOVING WALL

. . -1
"THick W ALL' [ > HEAN TeeE PATH 5 P~ I >>L
RewAT: tHerHAL PART

~F QWAL CLASS CAL , DEUVANWE EyxPAN SioN
NEED OrdER ) - | DIRAC PARTIGER | WK 2!
Kj‘ . @ \ | T\ : (,\, R ¢ >

SAFE TRAMEWORK - @DANOFF BAYM £62. )

(% . ___?( Cme %D Ve RM4{.|/LB.%K> @<(k‘><) = ColliSioN T=eH
%EXPA“D( CON(« ‘k?)

[KMNQLMeN b CZ)
PROORC  SPIN CoNSERVED —> DPECoLEUME - Q,
SCA%. Qo N ('LA\/OK>
W eI eTOOC < A
33 =23 (ko- W) Kws- (R, e ) o st @/ )
- (@y k\\ -

!
W
WITH SEH!CL&%&CA«L Force jR - ML

> kineric ¢@. kx B@'gs 4,@ ,g Gu. T, (
ZCOS

D RN e TER

CEO-\oLAIN



) w‘—{, ) W HL) Hf@/)
e 1 te- (£) v (&) mew- Q@f@ )
ST

—

%< - %Ceq +§_2 L INEAC RESponeE

- Kivenc BO2. W(ITHoUT USE OF N CENMERAL NONALCEBRMC (b STRAINTS

T Won Srandi ANVT/ . PHEN. DANPIG &Y @‘-‘T~>
T. PRowoteEC kk%% g% *'T;’ \ 14! \ g‘%-S + ko X% = § < C&i \
“f.C. Qe _ 1 e 1
o TIRET GRDER (N ERAY. BRAKSOW QN HMASS E(GENW@)
| (
Kokl IN OFE-DALONAL DEVNGTNES .
cv VIioLATING SouRCe S;:)blc
~ ~C 1L — -L _ | o 3
Qk) b}k— 2‘?—% \C 31‘*(M2 ?"c) (k’(ﬁ.}% H“f"((?g\‘(‘-) ( rrL(o)‘k%ﬂl(l))
CEcond orver (N GeaD EXPARNTON @ \ Mok, INTEGRALS

/ Of EQuic. Distk.

g L g * :
[ So = ZVNS ‘C, qju«(Hl r\(_) Q\'\Lb\@u\;uib"- HL) kgco\(

\
SEMICLACe AL ForCE

(
IN ® oK MAHUM @ Alhosr MAQS DECERE hg (HALGNOS | @uofu\m%

OTHeQWISE sTeoNG DARPINGAT ¢ Sece | WAGNE



Mo

1o

1 1 i 1. il & |

‘}5 L L L L 1 1 L i L ~2 i L
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

I \\z
FIG. 2: This plot shows the first and second order sources as a function of g with(AM, = 200)

GeV. The plot on the left are the sonrces with the damping, I' = «,, 7., while on the right plot,

" = 0.2h00y, 15

MAYIMAL CP-V(OLATION ASSUHED




M

-
J

SH

400

300

He

200

100

mp =200

100 200 300 400
M

ma=400

400} [l

100

T oN STARDIN

T, PRowoe PEC

. € SeH,
M. Sgco

FIG. 5: The baryon-to-entropy ratio mio = 10'° x 5 in the (Mz,p.) parameter space from

(0 GeV,0 GeV) to (100 GeV,400 GeV). For the left plot the value m, = 200 GeV is used, for

the right plot m4 = 400 GeV. The black region denotes 110 > 1, where baryogenesis is viable. The

other four regions are bordered by the values of 9o, {—0.5,0,0.5,1}, beginning with the lightest

color.

MAXHAL CP-\IoLATION

" Y X o
[d, | €16 10 aem

Z (o PRU é:é
,f K 6%480<, tool

1 KES TRCTIONS 5% L N fp - Electric DFoL
/,
~ CP-Viol. PHA<E <4

Livnts



NCG' W’U bgevved NHSSH

< .HuRek
. Sor
o T I ;
(8:1 : 7 r /N By

\“;;.) o
o . -1 i !
-5 -4 3 2 -1 0 -5 -4 -3 -2 -
log o(ve) = - logylvy)
ure 10: The chargino contribution to the baryon asymmetry i units of 2 x

a function of the wall velocity for different values of the wall thickness
To10/T(5/T)3/T (from below). We use the squark spectrum C and the ex

axplicit CP-violation considered in the context of fig. 6. The saine guanti
transitionally CP-violating bubble wall of fig. 7 and the squark spectirum .

po
/Yt%z Yﬂ; " ALS r;’PHkLEKDN

¥ 3* 2y, T de /ABL (%)

L ma BesyT et ALL

C o (e
Lo N TS 0F 9y 1o



The nMSSM allows for a strong first order
phase transition (PT) with only tree level dy-
namics. The criterion for a first order PT is on
tree level given by

A2t

ms

1

mg < =

A

what tends to persist even if one includes the
one-loop potential.

— mga| . (12)

spectrurﬁ+phase transition ¥
Eq. (12)
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ELECTRIC DIPOLE MOMENT FROM MSSM °l6e

The current measurement bound of the electron electric dipole moment (EDM)
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