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Observational data

« Baryon asymmetry of the Universe
BBN and CMB: np ~ 107"
 Large scale magnetic fields

Gamma rays from blazars:

By ~ 107" = 107G Ao > 1IMpc



Sakharov Conditions for Baryogenesis:

* B violation
e C and CP violation

* Departure from thermal equilibrium



The Chiral Coupling of Uy(1) to Fermions

* Anomaly leading to fermion number violation
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* The chiral magnetic and vortical effects



Chiral magnetic effect (CME)

The CME is the generation of the electric current
parallel to the magnetic field.
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Chiral vortical effect (CVE)

The CVE is the generation of the electric
current along the vorticity field.
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AMHD equations
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Chiral vortical and magnetic
coefficients
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Chern-Simons configuration

By = (1/R)V x Ay
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Ay = y(t) (coskz,sinkz, 0)

b= (1/R)V x §
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S =r(t)(coskz, sinkz, 0)



The evolution equations of hypermagnetic and
velocity fields
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Abelian anomaly equations
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Right-handed Electrons

Chirality flip processes:
erép < 0 vl & gl

are out of thermal equilibrium For T > Tpp ~ 10 TeV.



Evolution equations of the asymmetries
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Parameters appearing in the equations

ny = (nyg/s) with f = eg, e, vt s = 272g*T3 /45
g* = 106.75 x = (t/tgw) = (Tew/T)?

Co = 121, tpw = (Mo/2T3y) Mo = (Mpi/1.66,/g%)



Gaussian fluctuations
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Fig. 1 Time plots of: a the right-handed electron asymmetry n,,. b k= 1077, B;,m = D._r;ré[:!' - :}f,?_:' = nf,?’ =0,up= 1073, h=2x1074,
the left-handed electron asymmetry rn,, . ¢ the baryon asymmetry ng. and xp = 45 x 107, The dashed line is for fg = 3 x 10~%, the solid

and d the hypermagnetic field amplitude By. for various values of the line is for fp = 5 x 104, and the dotted line is for fo=7x 1074
amplitude of temperature fluctuation of ¢p. The initial conditions are:
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Fig. 2 Time plots of: a the baryon asymmetry 5 g. and b the hypermag-

netic field amplitude By. for various values of the width of fluctuations.
The initial conditions are: k = 1077, BY = 0, 5{y = ni) = 0§’ =0,
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vg = 1077, By = 5 x 1074, and xg = 45 x 107>, The dotted line is
obtained for b = 3 x 1074, the solid line for b = 2 % 10~*. the dashed
line for b = 10~%
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Fig. 3 Time plots of: a the baryon asymmetry n . and b the hypermag-

netic field amplitude By, for various values of the time of fluctuations.
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The initial conditions are: k = 1077, Bl[r' =10, :;,E-H] = :;:,J._' = q}J,’ =0,
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vo =107, By =5 x 1074, b =2 x 10, The dotted line is obtained

for xp = 55 x 1072, the solid line for xg = 45 % 107, and the dashed
line for xp = 35 x 107
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Fig. 4 Time plots of: a the baryon asymmetry ng. and b the hyper- Bo=5x10"% b =2x10"* and xy = 45 x 107>, The solid line
magnetic field amplitude By . for two different vorticity configurations. is for vorticity fluctuation with vp = 107", and the dashed line is for

The initial conditions are: k = 10~7, Bl[r'[]:l =0, :;,E-[f]i] - 1;13:' = n}?’ =0, constant vorticity with vgp = 107



Two sets of Gaussian fluctuations
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Fig. 5 Time plots of: a the baryon asymmetry 5 g. b the hypermagnetic X0+ = 4.5 x 107*. The large dashed line is for xp — = 1.45 = 1077 =
field amplitude By for two sets of successive and opposing fluctuations. 5b+xqg +. the medium dashed line is for xg — = 6.5 x 1074 = b+ xp 4.
The initial conditions are: k = l[l_?f Bl[r'[]] =1, ”IE'[I]E] = ;}:,?:' = "’I}_?} =10, the dotted line is for xp— = 4.7 = 1074 = 0.1b + xp.+, and the solid

Vg = V0 = 1072, b =2 % 1074, Bo+ = —Po— =5 x 10~4. and line is obtained in the absence of the second set of fluctuations



Thank You
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Anomaly equations in the symmetric phase of the MSM
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