ophalerons from the compact 341 model and baryogenesis
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1- Introduction
The Standard Model (SM) of particles physics cannot explain the observed baryonic asymmetry of R |
the universe and the electroweak phase transition (EWPT) 1s of first order only if the mass of the |
Higgs boson 1s less than 70 GeV. This 1s in contradiction with the current experimental value which 1s - L e
around 125 GeV. In the compact 341 model. the first order (EWPT) 1s satisfied. An accurate T T TR T T N T P —_—

T Tc3

calculation of the sphaleron energy 1s important for assessing the viability of the (EWPT) because the
baryon number condition typically written 2E/4 = 1 1s directly proportional to the sphaleron energy.

The ratio R in terms of Tc for the three steps of the phase transition

IT- Particles content of the compact 341 model LV- Sphaleron rate in the compact 341 Model

Sphalerons are one of the most important ingredients in the study of electroweak baryogenesis
(EWBG) because the sphaleron rate controls the rate of the baryon number density in the early
/ . \ / " \ / g \ uﬂixr'_erse:, the sphaleron phermmen-::m occurs if one has the transition from the zero VeV crossing the
“ * barrier to a non-zero VeV without tunneling (classically).
The sphaleron rate I" by unit time 1s related to the sphaleron energy ¢ via the relation [3]

We have three generations of fermions represented by the quartets [1]

Ec;r ) dl U;
Ly = witha= e u.7, Qi1 = .0 = andi = 2.3 (1)

= = a*T*exp(—&/T) (9)
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with 7'1s the temperature, o = 1/30 1s a constant and V 1s the volume of the EWPT region,

The scalar potential 1s given by: V = 45‘;”3 ~ TL and ¢ 1s the sphaleron energy that take the following form:
VO, p, ) = pann+ ppp p+ a0+ 2 + 220p7p)" + As(x i)’
P o o . ) e = dn|dx[ L (Vo,)? + (Vo) + L(Vu,)? + Vel p. D | (10)
+ A ) (p7p) + As(™m) (" x) + Ae(p™ p) X" 1) + A2 (pT1) (117 p)
+ s ) + 2e(p )2 ") + h.c with V _.(y.n. p.T) 1s the effective potential at finite temperature for the three steps of phase
_ _ _ transitions
where A1, A2, A3, A4, As, A, A7, Ag, Ag are the dimensionless coupling constants and pfj,:P:I are the
mass dimension parameters. 17, p and y are the three Higgs scalar quartets: V o(v,.T) = D(T* — T3)v2 — ETv3 + ’:L(Tnuj
: _ ) | | | .
(e [ E@etmo NN e ) Va0 D) = D'~ T30~ E'To+ 2Dy )
- - 0 L (vp+R,+il,) :
mn mn P p pT P : : :
n= ; = 1 1 _ > P = . = 2 . Ve, T) =D (I* - Ty*)v3 - E Tui+linuf,
Up: E(”n + Ry, + i) P2 p3
+ . ++ e using the thin wall approxmmation
T \ 1; y "/ \ P / .
_ \ ( ) i effiuj:mp:] = (', », = const, (12)
(o ) 4 £ o
P X m of I¥_; m the bubble phase transiion, the field equations of the VeVs v, , , read
L= . = e : ﬂrlu,if_::’i':.l? . %ﬂbg:n:p _C,ys (13)
\ .J[’D / \ E(U s+ R, +il,) / with the boundary conditions ar” ar
. _ av y 7.5(7) _
We have three steps of symmetry breaking, when y “develops a vacuum expectation value (VeV) v, ,],J_j,ji Vrne(r) =0 dr o V- (14)
p” develops a (VeV) v, and p° develops a (VeV) v,: The solutions of Eqgs. (13) and (14) are given by
SU@4),; @ U(1) _: SUB),; @ U(1)y u‘: SUR2); @ U(1)y u‘: U(I)QED (4) y _ C;L?i'::-'r 2 Aynp L B (15)
TP 6 > b N-E
where the VEVs satisfy the constraints v, ~ v, > v,. This model contains three neutral Higgses HY .
Hﬂj HP . two 5].‘[]11]]1‘_’{ C]ﬁlﬂl‘gﬂd HiggSE:S ;ﬁ: ;?E and a dﬂﬂbl}’ Ehﬂl‘gﬂd Higgﬂ i with the fDHD‘WIIlg where 4, . ,. B, » , are mtegration constants. To be more precise if the sphaleron has a thickness A/l ,, , and radms R, . »
masses: the solution v, , , can be expressed like this
- h < R
2 — ] J —_ 7.
My = (il T syt iﬁ(iliﬁ A2s)] )Ui My, = %(il + A3 — J(il — A3)* + Az )U%, (5) 1';{“””?‘ ) when ¥ XM
1 A — 44145 2 Vymelr) = < 1;_._: = T+ BynowhenRy < v S Ryp,+ Al e (16)
M2, - %(,11 s+ O — da) 2+ A2 )ugj 1 = Lonh+02). M2 = Lasd+v2). M = s} +03) _ when R,y ot ALy, < r
o

The lagrangien density which gives the masses of gauge bosons 1s given by: Here v, _,. .. stands for the second minmmum for the 3 steps of the phase transiion. To continue the constant C',, . ,

LE=Duy)" (D 2)+@un)”" (@ n)+(Dup)” (D4p), (6) combe sproxmaedas

| c AV (vins) (17)
ig . . . - _
and D¥= o¥——E A gdq—ig XB*= 8*—iP*, a = 1,...15 with 1, the Gellmann matrices, Xis the quantum AR Avyn,
number of the group U(1),, the gauge bosons masses:
2 where AV =V o (v n.p )and Av, ., = U, ». . . Inorder to avoid the washout of the barvonic asymmetry
M3-=g2vp/4, M%= g2 (v2+v7)/4, Mﬁ{ e g2v3/4, Mi== gX(v3+v3)/4, Mi—= g2(v]+v3)/4, Mi== g2v}/AM = g2 v}/4 cos Oy, off VT e lef L. Lelie:h

after the phase transition one has to assume that the sphaleron rate I has to be equal to the Hubble parameter A at

M?/=g2(c0s*Oyv7)/(3 - 4sin*Oyy), M* 1= g2vp[(1-4SIn°Gy) +(3 - 450’0 y)]/8(3 - 4sin*O)(1 - 4sin’6 ). (7 the critical temperature T,. Of course I has to be lager than H at T > T, and smaller at T < T, for an illustration
‘ Z if = 1822, 1308, 180 GeV.I = 3.7084 = 107, 2091.05642, 56. 98872 GeV
and % = 7.9379 = 1013, 8. 6848 = 1014, 12498 x 101°. Of cowrse, at T = T, the sphaleron
L11- The Electroweak Phase Transition rate | = H = 4.66178 x 10712, 2.3913 x 10712, 3.94764 x 10~*GeV. When T becomes smaller
: : : : — C. — than 7. (f = 1811.5, 1300, 138 GeV) 1 d idly and the ratio £ b
The one-loop effective potential at finite temperature in the DR renormalization scheme DR has the an I ( c ' $ o8 e )1 decreases rapidly and the ratio 7 becomes
£ lessthan 1 (£ = 3.19962 = 1072103 2444 =« 10717, 1.8254 = 10710%,
orm [2] z
V9, T) = %(ﬁf,uf, + LIV + Uh03) + %(iluf? + 4205 + A3V + A40E05 + 150502 + sV 05 i R e
# i - 500000 / P
N m;‘ m? 3 T_I . m; (8) 300000 - — )
i=bosons, fermions i=bosons, fermions z s e
where J3 r represent the bosonic and fermionic thermal functions, m; are the field-dependant
masses, i 1s the renormalization scale and 7; are the field multiphcities 72;, = 1, 7 charged = 2, o g E—
qu.lﬂi'k = _]'2:' HE E'= E“= K Kl = 3:. 1 WK LEV = 6 .5000;]8195 " 18200 18205 18210 18215 18220 18225 18230 18235 P R 1o REAh JSte Ritl N Rl Tl el S o T
In this model we have three VeVs take the values v, = 246 GeV, v, ~ v, ~ 2 -5 TeV m order The ratio L as a function of T for the three steps of the phase transition

to avoid the Landau pole and the masses of exotique quarks are in the range of 600 — 700 GeV which
are comptible with the LHC results and we have three steps of symmetry breaking in other word three
first order phase transitions. The first two transitions in the TeV scale and only concern exotic quarks, We have investigated the possibility that the compact 341 model explain the (EWBG), we have
heavy bosons without the involvement of SM particles, in these two steps particles acquires its masses calculated I' and we have compared with A which describe the cosmological expansion rate at 7, we
by interacting respectively with the scalars fields of the first massive neutral Higgs H3 and the second have proved that I fulfills the condition of a strong first order (EWPT).
HY. The third steps of (EWPT) in the GeV scale and only concern SM particles by interacting with
the scalar field of SM Higgs HY. References

So, we have three conditions of (EWPT) R = v./T, = 2E/A and R = 1, the following figures ]- A. G. Dias, P. R. D. Pinheiro, C. A. de S. Pires and P. S. Rodrigues da Silva, Annals. Phys. 349, 232 (2014).
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V- Conclusion
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