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BARYON ASYMMETRY� Why is our Universe made of matter and notantimatter?� Parameter B = n b � nb�n
 � 1 0� 1 0 , nb/nb� : number ofbaryons/anti-baryon per unit volume, n
 : photonsnumber density at temperature T .� Related previous work:CPT Violation and Baryogenesis , O . Bertolami,Don Colladay, V. Alan Kosteleckty� , and R. Pot-ting, Phys. Lett . B395( 1 997) 1 78 .9



LIV� Quantum gravity Phenomenology: S trings,LQG, SME.� E2 = vmax2 p2 + m2c4
1 0



BARYOGENESIS .� Boson X that produces baryons and anti-baryonswhen decaying.� Baryon number violation� C and CP Violation, with CPT symmetry.� Departure from Thermal Equilibrium.Boltzmann Equation:@n( t)@t + 3H( t)n( t) = g vmax( 2�~) 3 ZC^ [ f ] d3pE1 1



� S impler model:F M(X! b + b) F 2 = F M( b� + b�! X) F 2 = 12 ( 1 + � ) FM0 F 2F M(X! b� + b�) F 2 = F M( b + b! X) F 2 = 12 ( 1 � � ) FM0 F 2Where F M0 F 2 is constant :
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THRESHOLD ENERGY ANDCOLLIS ION FACTOR.� For a process a + b� 1 + 2 + : : : , the thresholdcondition is given by:Ea + Eb � Xi Ei pa � pb = Xi piS ince a and b go from one to the other( head oncollision) and the particles i go in the same direc-tion. 1 3



Reactions Allowed ZonesX� b1 + b2 , bi can be a baryon or anti-baryon.� If vb > vX :
pX � mX2 � 4mb2( vb2 � vX2 )s c2 pb � mX2 � 4mb24( vb2 � vX2 )s c2

If we use mX � mb and @� = �X � � b , it isreduced to: pX � mXc2@�p pb � mXc2 2@�p1 4



� If vb � vX , we do not have a bound, since pX2 ;pb2 � 0 .
b1 + b2� X� pb 1 � � vb j pX j + EX2vb
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Collision Factor and Departure fromEquilibrium Condition� The Collision Factor is :g vmax( 2�~) 3 ZC^ [ f ] d3pE = � Z ( 2�~) 4�4( pX � pb 1 �pb2 ) �X ; b 1 ; b 2 d�1d�2d�X�X ; b 1 ; b 2 = fX � F M(X ! b1 + b2 ) F 2 + F M(X !b�1 + b�2 ) F 2 �1 6



� fb 1 fb2 F M( b1 + b2 ! X) F 2 � fb�1 fb�2 FM( b�1 + b�2 ! X) F 2Where fX , fb i and fb�i are Boson, baryons andanti-baryons distribution functions respectively,and d�i = gbvb( 2�~ ) 3 d3 pb i2Eb i and d�X = gXvX( 2�~ ) 3 d3pX2EX .
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� In the high temperature approximation:fX = e� EX � �XkBTfb i = e� Eb i � �kBT fb�i = e� Eb�i+ �kBT�X , � are the boson and baryon chemical poten-tial.� Bosons, baryons and anti-baryons are still inchemical equilibrium with the thermal bath. So1 8



we have that �b i = � �b�i = � .� @n( t)@t + 3H( t)n( t) = gb2gXvX4vb ( 2�~) 5 jM0 F 2 � Ib 1 ; b2 ; XNe q �Ib 1 ; b 2 ; Xe q �

Ib 1 ; b 2 ; Xa = fXa �4( pX � pb 1 � pb 2 )2Eb 1Eb 2EX vb3d3pb 1d3pb 1d3pXIb 1 ; b2 ; Xe q and Ib 1 ; b2 ; XNe q contains the distributionwith and without equilibrium respectively andpi = [Ei ; vmax ; ipG i ] 1 9



� We obtain, with:a = � ( 2vbvX j pG b 1 j j pGX j ) 2b = 4vbvX j pG b 1 j j pGX j cos( �X ) ( 2EXEb 1 � mX2 c4)c = ( 2vbvX j pG b 1 j j pGX j sin( �X ) ) 2 � mX4 c8 �4EX2 Eb 12 + 4EXEb 1mX2 c4 Ib 1 ; b 2 ; Xa = �vb3vXZ fXa �(EX � Eb 1 ) � ( b2 � 4a c)EXpX d Eb 1d3pXWhere we have used that Eb 1 = vbpb 1 . Analyzingthe second Heaviside' s , we can see that its argu-20



ment is positive if:EX � vXpX2 � Eb 1 � EX + vXpX2X Decay ( a = Ne q)� vb � vXIb 1 ; b2 ; XNe q ( vb � vX ) = �vb3 Z fXEXd3pXWi t h : 0 � pX �1No di�erence to the case without Lorentz Viola-tion 21



� But, if vb > vX we have:Ib 1 ; b 2 ; XNe q ( vb > vX ) = �vb3 �� Z fXEXd3pX + 4�y vbvX3 ZB fXd EX� 4�vX3 ZB+C EXfXd EX �

with A! ( pX � y) , B! ( y � pX � 2 y) and C!( pX � 2 y) , where y = mXc2 2@�pThe integration zone in the �rst integral extendto all momenta. 22



Inverse X Decay ( a = e q )� vb � vX Ib 1 ; b2 ; Xe q ( vb � vX ) = �vb3 Z fXe qEXd3pX� vb > vX , Ib 1 ; b 2 ; Xe q ( vb > vX )= �vb3 � Z fXe qEXd3pX � 4�vX3 ZC fXe qEXd EX �

23



Di�erential Equation Solution andAnalysis� If vb � vX :n� ( t) + 3 hH_ ( t)n( t) + H( t)n_ ( t) i = M( t) [nXe q ( t) �

24



nX ( t) ] + �X @�@t e ��Xe ��X � 1 [n_ ( t) + 3H( t)n( t) ]� If vb > vX :n� ( t) + 3 hH_ ( t)n( t) +H( t)n_ ( t) i = M( t) � nXe q ( t) � nX ( t) +4�gXvX3 ( 2�~) 3 @J@� �

25



+ �X @�@t e ��Xe ��X � 1 [n_ ( t) +3H( t)n( t) ]With M( t) = gb2vX1 6�vb4~2 F M0 F 2 @�@tJ = 1�2 e� �yvb � e� �yvb ( 2�y vb + 1 ) �e��X � �y vbe� �yvb + 1 � �
26



LIV IN BARYOGENESIS� LIV in BaryogenesisF(n�X ; n_ X ; nX ; �X ) _ � H( t)T2 _ � T4

where F is the usual di�erential equation that repre-sents Baryogenesis without Lorentz violation ( or vb �vX ) . As the Baryogenesis temperature is very high(Grand Uni�cation Level) , the Lorentz violation e�ect,when the Baryogenesis starts , is very important; when-
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ever vb > vX . The e�ects of this factor on the solutionwill be seen in a subsequent work. So far, the importantresult is that it is possible to �nd a trace of a possibleLorentz violation in the Baryogenesis .
28



TEMPERATURE OF BARYOGE-NESIS� Temperature at the beginning of the Baryogen-esis :Remembering the bound found with theThreshold Energy for the boson decay, if vb > vX :pX � mXc2@�p29



we can �nd a limit to the temperature whenthese reactions start . We are looking for the tem-perature to full�ll that:h pX i = mXc2@�p

For this , we need the relation between averagemomentum and temperature. Using a Fermistatistic and EX = vXpX , we obtain:

h pX i = kBT�430c� ( 3 )30



So, the temperature at the beginning of theBaryogenesis is :
kBTB = 30� ( 3 )mXc2�4 2@�pkBTBmXc2 � 0. 3 702 � 1 0 1 1

Where we used @� = 5 � 1 0� 23 . As the energiesare in the Grand Uni�cation level, it is requiredthat kBTB & 1 0 1 6 [ GeV] . Then:mXc2 & 2 . 701 2 � 1 05 [G e V ]3 1



So, in spite of having an extremely high mass(mX � mb ) , these values are far below of theGrand Uni�cation level ( Desert) . So, it is pos-sible that the X Boson would be observed in theLHC where the maximum energies are sp = 1 4[TeV] in proton-proton collisions.
3 2



CONCLUSIONS AND OPENPROBLEMS .� If the baryon and boson maximum velocities arerelated by vb > vX , an important LIV contribu-tion to Baryogenesis appears.� We estimated a condition for the moment whenthe Baryogenesis begun, given by the LIV. Thiscondition tells us that kBTB = 0. 262 � 1 0 1 1mXc2 .Then the majority of bosons start to decay.3 3



� mXc2 & 2 . 701 2 � 1 05 [G e V ]So, it is possible that the X Boson would beobserved in the LHC where the maximumenergies are sp = 1 4 [TeV] in proton-proton colli-sions.� OPEN PROBLEM: To estimate the e�ects ofdilution mechanisms( sphalerons) .
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