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Baryon asymmetry from CMB

Baryons enhanc:e the odd peaks of the power
spectrum of temperature anisotropies
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e BOOMERanNG and DASI find the same result (10):

Qph? = 0.022F5055 = 11" = 6.0153
(n10 = (ny/ny) 1010 ~ 273.6 2, h?)
We adopt the following 30 range:

ngMB = (3.6 —9.3) x 10710

e Future: MAP, PLANCK
= AngME /nEMB ~ 10%, 1%

(Zaldarriaga,Spergel and Seljak 1997)



Seesaw

(Yanagida'79; Gell-Mann, Ramond and Slansky '79; Mohapa-
tra,Senjanovic '80 and '81; Wetterich '81;...)

1
m;, = _mDmm%
m, = light neutrino mass matrix

M = heavy neutrino mass matrix

It M >mp=m,<<mp

the corresponding mass eigenstates are Majorana fermions:
v =v° (light); N = N¢ (heavy)

Note: in general the mass matrices are complex and

this is a possible source of CP violation

Thus it predicts three new particle species:

N1,No, N3

which cosmological consequences ?



T hermal leptogenesis: basics

(Fukugita, Yanagida, '86)

decays:

N; <

CP asymmetry:

M+
effective neutrino mass:

€

. _ (mhymp)y
1T — M,L

total decay rate:

— - . K(MJT) ~ 2
Fpi=Ti+T = Q%WKQEWT% m; M;

sphalerons:

(Kuzmin,Rubakov,Shaposhnikov '85; Klebnikov,Shaposhnikov '88)
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Assumptions:
e NI"is not influenced by N> and N3 decays;
o Tln(: TReheating(?) ) > M.
Normalization. Particle and charge numbers are nor-

malized to the number of photons before the onset
of leptogenesis:

Nx(t) = nx(t) R (t)

3
T(t) > My, Ny(t) =1, Nyi(t) = 2
Dilution. The baryon asymmetry is measured
compared to the number of photons at present

= the photon production dilutes NJ":

Nfin g NTiIN N9 dilution
nBo = fB: fl’ : fEV% factor

Minimal assumptions:

e entropy Is conserved between leptogene-
sis and present = f = g./9g0,

® g« = gsm t+ gn, = 434/4

= ~ 0.013

| Q



Fully out of equilibrium decays

The simplest case is when the Nq's start to

decay very far from equilibrium (Tph <<< M7)
and all other processes are frozen:
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How the Nq's are initially produced 7



Wash-out and N;’s production

(Fukugita,Yanagida '86; Luty '92; Plimacher '97; Buchmdiiller,Plimacher'00)

Wash-out processes tend to destroy the lepton asym-
metry arising from decays. In the limit of thermal
equilibrium there is an exact compensation.

e inverse decays = I';p = pny /ny

e Higgs scatterings = [ A7 —»

e N; scatterings = NaA;—1.,l g

total washout rate

My = > CiptTar=1+TAaAr=2



Boltzmann Equations

(Luty '92; Plumacher '97; Barbieri,Creminelli,Strumia, Tetradis
'00; Buchmdiiller,PDB,Plimacher '02)

Co. T T
DW, S =2 W 5
H =z

H = R/R is the expansion rate

( dNy
Lt = —(D+9 N, — N3
!
dNp_
| dBZ L = —e D@y, - Ny -WNp_,

efficiency factor x:
Ng' =0 = Np_r(2) = % e1 k(z;€1,7)

one always has: D,S = fp s(z) m1

My < 1013 GeVv (0.1eV/m)2= W = fy(z) m

= K”smaIIMl = r(z;m1)




e =-10"°% M; =1019Gev, m =0.05eV
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Where the dependence on M; (and m)
comes from (at large values of M) 7

e D, Soxmy = NO

1
W=sWip+War=1+War=2

o Wip, War—1 xmi = NO

reS nonreS
Wap=2=Wai_o+W

o WS7_soxmi; = NO

T 2
(m!,mp)2 Re(mpmp)s;
nonres __ D i vy
War=2 = M1 § e gii(z) + 2 E M M, gij(2)

i é i<j

—2

for 2 > 1= g;(z) =9;(2) x 2=

o WRONES o My m?/2? = YES

2

Vi

m2 = tr[mi myl =>,; m




Bound on the CP asymmetry and surface
of maximum baryon asymmetry
(Buchmdiiller,YYanagida '99; Barbieri et al. '00; Davidson,Ibarra

'02; Buchmiiller,PDB,Plumacher '02)

M22,3 > M12 = |g=€1/emax < 1

e hierarchical (my; > my, > my,)

Am2 )1/2
167 v2 1010 GeV

(inverted hierarchy [mu, >~ m,, > m,,]: factor 2 looser)

e quasi-degenerate (my, ~ m/+/3)

3 M1 Am? My
em — atm ~ 10_7
X = Ter 02 my, 1010 GeV

MaxX go(m, M1; m)

3
MBOS MBO. = 47 €

Note: if Mo3 N 3 M; the CP asymmetry is enhanced
and one can have g > 1 but until |[Msz— M| < |I7;—T1|
the enhancement is mild (Covi,Roulet,Vissani '96; Buchmiller,
Plimacher '98; Pilaftsis '99; Davidson,Ibarra '02)

Bound on mi: mi1 > my,
(Fujii,Hamaguchi,Yanagida '02)



Quasi-degenerate neutrinos

iso-nB5™ curves

MJGeV

m,/eV

Quasi-degenerate neutrinos are incompatible
with thermal leptogenesis (unless g < 100) !



Hierarchical neutrinos

Iso-nB§” curves

figure 7a
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o M, < 2.4(0.4) x 10° GeV

e fOor g~ 1 and

107%eV ~ 0.1/ Am? 4 <M1 < \/Am2,, ~5x 107%eV

= |T; ~ My = O(1010 GeV)




Conclusions

e the predictions on the baryon asymmetry
can be described in a model independent
way in terms of 4 parameters = specific
calculations are not necessary, one has
just to extract from the model €1, M-,

mq, ™M,

e thermal leptogenesis predicts no evidence
for my, g (0.5eV);

e with reasonable (though model dependent)
assumptions one is led to the conclusion
that T) ~ M, = O(101° GeV).



