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BARYON ASYMMETRY

Why is our Universe made of matter and not
antimatter?

ny — Ng
Parameter B = 2%

o 10719 ny/n; :number of
baryons/anti-baryon per unit volume, n.:photons

number density at temperature 7.

Related previous work:

CPT Violation and Baryogenesis, O. Bertolami,
Don Colladay, V. Alan Kosteleckty, and R. Pot-
ting, Phys. Lett. B395(1997)178.

9



LIV

¢ Quantum gravity Phenomenology: Strings,

LQG,SME.

o FE?=02,.p°+m3
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BARYOGENESIS.

e Boson X that produces baryons and anti-baryons
when decaying.

e Baryon number violation

e C and CP Violation, with CPT symmetry.

e Departure from Thermal Equilibrium.
Boltzmann Equation:

on(t)
ot

+3H (t)n(t) = % /C*[f]d%p
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e Simpler model:

- 1

|M(X—>b—|—b)\2:\M(b—|—b—>X)\2:§(1—|—e)|
Mo |? 1

| M(X —b+b)[*=|M(b+b— X)[*=5(1-¢)|
M0|2

Where | My |? is constant.

12



THRESHOLD ENERGY AND
COLLISION FACTOR.

For a process a +b — 1 + 2 + ..., the threshold
condition is given by:

Ea+EbZZ E; pa—PbZZ P
Since a and b go from one to the other(head on

collision) and the particles ¢ go in the same direc-
tion.
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Reactions Allowed Zones
X — b1+ b3, b; can be a baryon or anti-baryon.
o If vp>wx:

2 2 2 2
mX—4mb mX—4mb

px < 59 @ pp < o o2 ¢
(v — v%) (v — v%)

If we use mx > my and dao = ax — «p, it is
reduced to:

px <



o If v, < vy, we do not have a bound, since p%k,

pi > 0.
b1+ b2 — X
—v FE
o > v|lpx |+ Ex

2vy
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Collision Factor and Departure {from
Equilibrium Condition

e The Collision Factor is:

A

?2?}%32 /C[f]dgfp = _ / (2rR)*6* (px — poy —

Pby) L x by by dI11dIIodIIx

TX,bl,bg = fX( ’ M(X—> b1 + bg) |2 —+ ’ M(X—>
b1+ b2) |?)

16



— fou fo, | M(by + b2 — X) > = f5, f5, |
M(b_l—|—b_2—>X) |2
Where fx, fp, and f;, are Boson, baryons and
anti-baryons distribution functions respectively,

gpvy AP, gxvx d’px
and dlI; = k) 250, and dIlx = (2xh)? 2Ex
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In the high temperature approximation:

_Ex—rx
kT

fx=e

Ey,— w1 By tw

fome FET fr=e *oT

tx, (v are the boson and baryon chemical poten-
tial.

Bosons, baryons and anti-baryons are still in
chemical equilibrium with the thermal bath. So
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we have that up, =— py, = p.

on(t) _ 9hgxvx 2 ([Neq

o T SHEn() = Mo (5% -
Ibl,bQ,X)

. a54 o

Iy b, x = a %Z Ef%x = b PP’ px
1 2

I%, x and 1'%  contains the distribution

17b27
with and without equilibrium respectively and

— [Ez; Uma:c,iﬁi]

19



We obtain, with:

a = — (2ux|Py,||Px])’
b = dvyvx|Py,||Px|cos(0x)(2ExEy, — mic?)
c = (uwx|py,|lPxlsin(0x))*  —  mxe® -
AE%Ej;, +AExE, m5c?
u T
Ib17b27X: 3
a o UVpVX
FLO(Ex — Ep,)O(B? — 4ac) ;
d By, d°px
Expx

Where we have used that Ej, = vppp,. Analyzing
the second Heaviside’s, we can see that its argu-
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ment is positive if:

Ex—vpr EX+UXPX
< <
2 S 2
X Decay (a=Negq)
o v, ux
Ié\ll,equ’X(vb <wvy)= £§d3pXWzth 0<px <
00

No difference to the case without Lorentz Viola-
tion
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But, if v, >vx we have:

Ne
Ly, x (00 > vx) = 3"
b
Ex UX B
—4—2 EXfXdEX]
B+C

with A— (px <vy) , B— (y<px <2y) and C—

mxc

2V 20a

The integration zone in the first integral extend
to all momenta.

(px >2y), where y=
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Inverse X Decay (a=eq)

o U, Ux
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Differential Equation Solution and
Analysis

o If vp <wvx:

ii(8) + 3| H (On(t) + H(tyi(t)| = M(OnS(t) -
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()] xS i (0) + 3H (On(t)

If vp >wvx:

i(t) + B[H(t)n(t) -
H (0 (1) = M) |ns0) ~nx(t)+

drgx OJ
vy (2mh)3 0B




o ePrx
T X Ot ePrx _ 1 [
3H (1) (1)

n(t) +

With M () = 222 | My 222

 167vih?

J = %e—ﬁyvb I:e_/By’Ub(Qﬁnyb +1) —
ePrx <5yvbe—ﬂyvb i 1)]
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LIV IN BARYOGENESIS

LIV in Baryogenesis
F(ﬁX,ﬁX,nX, ,uX) ¢ —H(t)T2OC —T4

where F' is the usual differential equation that repre-
sents Baryogenesis without Lorentz violation (or v, <
vx). As the Baryogenesis temperature is very high
(Grand Unification Level), the Lorentz violation effect,
when the Baryogenesis starts, is very important; when-
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ever v, > vyx. lhe effects of this factor on the solution
will be seen in a subsequent work. So far, the important
result is that it is possible to find a trace of a possible
Lorentz violation in the Baryogenesis.
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TEMPERATURE OF BARYOGE-
NESIS

e Temperature at the beginning of the Baryogen-
esls:
Remembering the bound found with the
Threshold Energy for the boson decay, if v, > vx:

mxc
200

px <
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we can find a limit to the temperature when
these reactions start. We are looking for the tem-
perature to fullfill that:

mxc

20

(px) =

For this, we need the relation between average
momentum and temperature. Using a Fermi
statistic and Ex =vxpx, we obtain:

B kgTr?
\Px) = 30,003
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So, the temperature at the beginning of the
Baryogenesis is:

T 30¢(3)mxc?
o T4/ 200
kslB

~ 0.3702 x 10!

mxC2

Where we used 0o =5 x 10723 . As the energies
are in the Grand Unification level, it is required

that kT > 10'° [GeV]. Then:

mxc? 2 2.7012 x 10°[G e V]
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So, in spite of having an extremely high mass
(mx > myp), these values are far below of the
Grand Unification level (Desert). So, it is pos-
sible that the X Boson would be observed in the
LHC where the maximum energies are /s = 14
[TeV] in proton-proton collisions.
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CONCLUSIONS AND OPEN
PROBLEMS.

If the baryon and boson maximum velocities are
related by v, > vx, an important LIV contribu-
tion to Baryogenesis appears.

We estimated a condition for the moment when
the Baryogenesis begun, given by the LIV. This

condition tells us that kgTs = 0.262 x 10'm xc?.
Then the majority of bosons start to decay.
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mxc? > 2.7012 x 10°[G e V]

So, 1t is possible that the X Boson would be
observed in the LHC where the maximum
energies are /s = 14 [TeV] in proton-proton colli-
sions.

OPEN PROBLEM: To estimate the effects of

dilution mechanisms(sphalerons).

THANK YOU!
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