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1. Introduction

Neutrino masses naturally explained by the seesaw mechanism — generation
of the BAU via leptogenesis — CP violation in the lepton sector

Question: Is the baryon asymmetry sensitive to the PMNS matrix phases? ,i.e.,
assuming the BAU is generated from the decay of the lightest RH neutrino, can
an allowed range of the PMNS phases be obtained?

Answer: No, in the type | seesaw without flavour effects in leptogenesis

G. Branco et al., NPB 617, 475 (2001)
This work: what about flavoured leptogenesis?

A. Abada et al., E. Nardi et al. (2006)

— Bottom-up, phenomenological approach

At the heavy NN scale,

L =R Yoy Hol' + N NiyHyl! + N MIENK 4 e



e 21 parameters (6 phases)

In the mass basis of charged letpons and IV,

A =V/D\Vg

D)y — real and diagonal, and
Vi, Vr — unitary matrices (3 phases each)

At low energies — light neutrino effective Majorana mass matrix:

m] =AM "\"v? =UD,,U"
D,,, is diagonal with real eigenvalues
U is the PMNS matrix, receives contributions from both, V;, and Vy

e 9 parameters in |m ]

e 2 mass diferences, and 2 angles of U are measured



2. Flavoured leptogenesis

CP asymmetry in the decay of N7 to leptons Ny — ¢, H,,

€Ea —

e Flavour effects are relevant in leptogenesis because the final asymmetry
depends on which leptons are distinguisable:

- T Z 10 GeV — all lepton Yukawa interactions out of equilibrium

- In the temperature range 10” GeV < T < 10'? GeV — Yukawa 7 interactions
faster than H — /.. doublet is distinguisable.

- In the range T' £ 10” GeV — both 7 and 1 Yukawa interactions in equilibrium
— all flavours distinguisable

Unflavoured asymmetry:

Im[(ATX)?
€1 — Z €a = % (%TA)1)1J1]9<M3/M12)

o J#1



AT = VéDiVR is controlled by phases of the RH sector only

Flavoured asymmetry:

Tm[Aa1 AL (ATA
o = gk 37 AP 0Nl 202

Now ¢, depends on both, RH and LH CP violating phases

e Moreover, the evolution equations for the lepton flavour asymmetries Y,, are
now flavour dependent Boltzmann equations, so the total baryon asymmetry is

~ 12 E — 1
YB — 37 Ya ~ 39« €Ealla
o

(8%
No — flavour dependent washout factor

e Strong washout for all flavours:

['(N1—f4aHy) — mg
o) = e > 1

Kq



with my = |Aa1|?v? /My and m, ~ 1073 eV

Then:

. 1.16
Nee = 1.3 (6?%*&)

e Strong washout for some flavours and weak washout for others Kz >
1, K, <1

Mo~ 1.3 (3.3xToa—3ev>

e Weak washout for all flavours

~ m Mo
Mo~ 1.5 (3.3><10—3ev> (3.3><10_3eV>

where 7711 = Za ’ﬁla = ()\T)\)HUQ/Ml



3. SM + seesaw
Assumptions:

e 10° GeV < M; <10 GeV — 7 Yukawa in equilibrium

Yp = g25—(er1r + €o1lo)

0, = (Apfe + >\e1é)/\/|>\ﬂ1|2 + |Ae1|? — projection in £, and ¢, space of the
direction into which N; decays.

e Hierarchical RH neutrinos:

€a = — 167rv32]K1T>\]111m{ [)‘]al [mb‘]al}

e Strong washout for all flavours:



Matm Matm Matm | A7 | Aol Arr

Yg ~ YR (Im{AfmAT} 1 Im{AemAo} | Im{ArmAo} [|/\O| n |,\T|D 1

Aaldal =25, A ~2/3

bd __ 12 Mimatm ms - :
Y* = 5575 Sgm 0 upper bound on Yp without flavour effects in strong

washout
— Stronger washout in one flavour can increase Yp

e (ldeally) Measurable parameters: neutrino masses, mixings and phases of
UpmnNs

e Unmeasurable parameters — Casas-lbarra parametrization

J.A. Casas and A. Ibarra, Nucl. Phys. B 618 (2001) 171 [arXiv:hep-ph/0103065]

A= (UDL?RD?)v

R — complex orthogonal matrix



— Large enough baryon asymmetry can be obtained for any value of the PMNS
phases and M; ~ 1010 GeV
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4. MSSM + seesaw

e A non-supersymmetric seesaw suffers from a hierarchy problem

e In a MSUGRA framework, RG running induces LFV soft terms even if
universality is imposed at a high scale, Mx

e Non-diagonal contributions oc AT = VJD?\VL

(M3 )ap = —525(3m2 + AZ)(ANT) g5 log 2X
M — RH neutrino scale

e Off-diagonal soft terms lead to LFV low energy processes, namely ¢, — £z~

BR(ly — () = 22 (AL + | An]?) = 2100

Mmsuysy

Hisano et al., 1996
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Present (future) bounds:

BR(ju — ey) < 1.2 x 1071 (1071
BR(T — ey) < 1.1 x 1077(107?)
BR(T — py) < 6.8 x 107%(107?)

MSSM analysis:
e Inputs: Upyins, Dm, VL, Dy

e We use a Monte Carlo Markov Chain (MCMC) program to explore regions
of parameter space where BR({¢, — {37) are just below current limits, and the
BAU is big enough.

e The RH neutrino masses and Vi are obtained by diagonalizing

M~ = DWVimVEDT = VED VR

e Again, no sensitivity of leptogenesis to low energy observables — large
enough BAU can be obtained for any Upy;ns phases

11



ElI9p
* +++ + _ MW#WI%++++ T H#+++ Jfﬂ_# i #ﬁr# jé #ﬂ_ﬁmr#ﬁwrﬁJrﬁ ++ 4+ 1w+4 +
T FE T o+ BT R ey s e . T e -
SR < A RGN oS p T S
+ + + + =1 gt I
I s S e H1 Y F B g #ﬁ#ﬂm%+#++i
L +++ paget +ﬁr+ #%i#ﬁJr##JﬁJr vt Lw‘,rﬁ +mr+ g Mﬂffﬁtmwmfww Mﬁ%%ﬂJr JMAWW#W% 3+ jare
BRI g i T T S = R P .
sl ¥ ke, B ik iW# R
+.ﬂr+ +++.mw T4+ ﬁMﬁrM\ETJr + + ++# + +#$ d Hre +mr%rﬁfufmm+ il +%+1Wﬁ+#+mmr

+ +
HTT +T+ + + ;mﬁ I + e I
PR N T A e e e
ﬁmﬁ D e F e T +%MMH L+ e e e ¥
P T

jiE N Sl T AR b
T L SR LS SR R i B D el
+ - L ST L
%A%ﬁ g P Tl N e e L
A G TH R TR R T AL T s
R e R Ty ummi%ww P e P L e - i
B A R T L R
F Wﬁ&+ﬁ+ﬁ+ﬁ+ T T i & Wﬁ#ﬁﬁ%ﬁmm]r
o ETRRES e T e DS o Rt
fgiina Lt Gl T L R T
# + i
et S T TR b R ek SR B
g el R o S e R N Sy
+IW+.W ++++ i A “ﬁ T+ + +%w4ﬂ¥r e #1#.&%#11% " o
+ B T

* by 34 IR
e F e F + 3 Fat T tﬁﬂ%mﬂﬁ# LS
+T+ i i -
Tt Hﬂﬁ iy MMT +mm Mwl hasts ﬂ%ﬂ#

e ¢ + 1
+ + + + 4 A
ﬁﬁ#ﬁ - o ++++ +jmn++ +++H¢+ﬁ;ﬁmf+ﬁ# T #Wﬁ i M fﬁ%ﬁmﬁ%ﬁﬁw jﬂ JWMT ﬁ#

ot
O + W *#H+¢+++Tr+ wrr %Jr R e R ++ HT 4+ 4
A s < B 1 ety G R I
+
oyt YhE 0 g 4 T TR R T R R

12

eyde




5. Conclusions and outlook
e We find no sensitivity of flavoured leptogenesis to low energy LFV observables

e Analisis of EDMs in progress — seem to be too small once LFV constraints
have been imposed
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