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Leptogenesis and neutrino parameters
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We calculate the baryonic asymmetry of the universe in the baryogenesis-via-leptogenesis framework,
assuming first a quark-lepton symmetry and then a charged-neutral lepton symmetry. We match the results
with the experimentally favored range. In the first case all the oscillation solutions to the solar neutrino
problem, except the large mixing matter solution, can lead to the allowed range, but with fine-tuning of the
parameters. In the second case the general result is quite similar. Some related theoretical hints are discussed.
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[. INTRODUCTION for the Dirac mass matrices, and taking into account the

vacuum and matter solutions to the solar neutrino problem.

Strong indications for nonzero neutrino mass and mixingA graphical representation of the results is given, from which

come from solar and atmospheric neutrino experiments. lI@ne can eventually infer approximate bounds on neutrino
fact, if interpreted in terms of neutrino oscillations, such ex-parameters. Both the nonsupersymme(gé/) and the su-

periments, together with the tritum beta decay end pointPersymmetridSSM) cases are considered. _
imply small neutrino massdd]. Section Il is about neutrino oscillation data, from which

In the minimal standard modéMSM) the neutrino is ©On€ may obtain light neutrino masses and mixings. Section

massless because there are no right-handed neutrino singlélﬂsdealsh"vith the qudarrlf-lepton symmetry, which allows one
and there is no Higgs scalar triplet. The simplest way to gel© 96t the Dirac and heavy neutrino mass matrices. In Sec.

a mass for the neutrino field is by adding the right-handed "’ after a shor_t collection O.f the reIev_ant formulas of _the
. . aryogenesis-via-leptogenesis mechanism, the calculation of
statevg, the analogue of the quark staig in the leptonic

! . . i : the baryonic asymmetry is carried out, based on the content
sector, in which case_|t becomes possible to build both %f Secsy. Il andyIII. In Syec. V the same calculation is done

Dirac mass termm,v vg and a Majorana mass term assuming a charged-neutral lepton symmetry. Finally, in Sec.
(1/2)mg{ vy for the right-handed neutrino. The Dirac mass VI, we give our conclusions and a brief discussion.
m, is expected to be of the same order of magnitude of the

quark or charged lepton masses, while the Majorana mass Il. NEUTRINO PARAMETERS
Mg is not constrained. A popular mechanism to obtain a very ] ] ] )
small neutrino mass is the seesaw mecharBjywhere the From the phenomenological point of view the baryonic

right-handed neutrino mass is very large and as a cons@Symmetry also depends on which solution for solar neutri-
quence a very light left-handed Majorana neutrino appeard!0S IS taken into account. Therefore, in this section we sum-
with a massmL:milmR. marize the neutrino OSC|_IIat|on (;Iata that we will use in our
The MSM plus the right-handed neutringvhich we analysis. For atmospheric neutrinos the best fitl3

would like to call SM is also a minimal scenario to produce AM2=3.5x10-3 eV2

a baryonic asymmetry in the universe, according to the a =
Fukugita-Yanagida baryogenesis-via-leptogenesis mecha-
nism|[3,4]. In this framework the out-of-equilibrium decays
of right-handed neutrinos generate a leptonic asymmetry, ot is maximal mixing. For solar neutrinos we have three
which is partially transformed into a baryonic asymmetry by atter [Mikheyev-Smirnov-WolfensteinMSW)] solutions

sirf26,=1.0,

electroweak sphaleron proces$6$ éll]: the small mixing angléSMA)
The baryonic asymmetry depends on both the Dirac an

the right-handed Majorana neutrino mass matrices. There- Am2=5.4x10"° eV?

fore, assuming a quark-lepton symmetry or a charged-neutral

lepton symmetry, we should be able to determine the value sir?26,=0.006,

of the baryonic asymmetry, and to match it with the experi-
mental bounds coming from nucleosynthesis in the standarghe large mixing angléLMA )
big bang theory. This is the main subject of the present pa-

per, already discussed by several auth@s9]. However, Ami=1.8x10"° eV?
our approach is quite different, more general and direct. We
scan over the neutrino parameter space, using several forms Sinf26,=0.76,

and the lowAm? (LOW) solution
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Sirf26,=0.96. whereM, is the mass matrix of charged leptold,, is the
mass matrix of Dirac neutrinos, aMdy the mass matrix of

Moreover, we also have the vacuum Osci”atKMO) solu- right-handed Majorana neutrinos. The effective Lagrangian

tion [11] of the seesaw mechanism is

Am2=8.0x10"11 eV? Los=eMert v M vi+gr e W+ viMgrg  (2)

with the light neutrino mass matrill, given b
sinf20,=0.75. g L9 y
M =—M,MgMT. 3
The latest day-night and spectral data favor the LMA and
LOW solutions, but do not exclude the oth¢d®]. Further  Setting
information on neutrino oscillations comes from the CHOOZ T .
experiment [13] which gives sim;<0.16 for Am?>1 UMU[=Dr, UeMeUgr=De, 4
x10 3% eV2, . : .
Therefore, neutrinos do have masses and mixings, and \r%{g?rrii [;g D are diagonal matrices, we obtain the MNS

unitary matrix U, (a=e,u,7;i=1,2,3) relates the mass
eigenstates; to the weak eigenstates, : U= ULUZL- (5)

Inverting Eq.(3) we get the heavy neutrino mass matrix
VoL = EI Uai ViL -

Mgr=—MTM_ M, . (6)

. 2 2 .
It is clear thatAmg<Am;. According to Ref[14] we as- Ny, assuming a quark-lepton symmetry, we take the pair of

sume Hermitian matrices
Ami=m3—mi, Ami=mi—m? 0 0 Jmym,
m
. . = 0 m 0
where the numbering corresponds to the family index. More- M., m, ¢ ' )
over, we work with the hierarchical spectrum of light neutri- ymym, 0 m;
nos,m;<m,<m;,. Then,m3=AmZ, ma=Am?Z, and form, ,
we take 104m,<m;<10 im,. . 0 ymgmge® 0
The mixing matrixU [the Makl-Nakagawa-Saka(N_lNS_) Mo=—" fmgmee @ —3m; fmgmy, | ®
matrix[15]] can be written as the standard parametrization of my
the CKM matrix (including one phasé’) times a diagonal 0 VMg, Mp

phase matrixD =diag(e'¢t,e'¢2,1) [16,17. Hence, it de-
pends on three angles and three phases. From neutrino os
lation data we can determine the three andlb$16. For
|Uggl, related to the result of the CHOOZ experiment, we
use the bound

Cv.\ﬂth one phaser=m/2 in M¢;,. These lepton mass matrices
dre obtained in the following way. We take the five texture
zero model for the quark mass matrickels, and My from
Ref.[18], which studies the phenomenologically viable tex-
tures. The quark mass matrices are related to the lepton mass
matrices by an approximate running factog/m, from the

high scale where the quark-lepton symmetry should hold
[19], and in addiction a factor-3 is included inMg,, in

order to have a good relation between charged lepton and

|Ues|=<0.2,

while U, andU 5 are obtained from the best fits of atmo-

spheric and solar neutrinos. Then we are left with five freeqq,n quark masse0]. For five texture zeros the matrices
neutrino parameters{Ucs|, =argUes), M1, @1, ¢2. M. My lead to the simple meaningful relations
Choosing values for the free parameters leads to a complete

determination of light masses and the mixing mattix Mg My m,
These will be used in the following section, together with the Vis=\/=— Veo=\/=—7 Vi=1\— 9

. . mg m, m;
quark-lepton symmetry, to obtain the heavy neutrino mass
matrix. In this way, by means of Eq$4)—(8), we can calculatél g

and then its eigenvaluéd ; ,M,,M3 [21]. The quark-lepton
. SEESAW MECHANISM WITH QUARK-LEPTON symmetry is usually obtained within unified theories such as
SYMMETRY SU(5) and mostlySO(10), where quarks and leptons belong

to the same multiplets. In particular, the factoB in M, is

due to suitable Yukawa couplings of these multiplets with
the45[in SU(5)] or 126[in SO(10)] Higgs representations.

_ _ _ _ However, here we can also regard the quark-lepton symme-
L= Mcert v M, vgtgr e W+viMgrg (1) try as a phenomenological feature.

The Lagrangian for the relevant lepton secto(f® sim-
plicity we do not write the 1/2 factor in the Majorana tepms
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FIG. 1. The baryonic asymmetiyg vs |Ug3| and & for SMA, FIG. 2. The baryonic asymmetiyg Vs |Ug3| and § for LMA,
quark-lepton symmetry, five texture zeros. guark-lepton symmetry, five texture zeros.
IV. THE BARYONIC ASYMMETRY 8N;+4Ny
A baryonic asymmetry can be generated from a leptonic CO22Ng+ 13N,
asymmetry[3]. In order to study this baryogenesis-via- . .
leptogenesis mechanism we diagonalizg: whereN; is the number of familiesthree andN,, the num-

ber of Higgs doubletgone in the SM and two in the SSM;

L =ELDeeR+;LM Rt g;LeLW"';EM . a=1/3 in both cases Remember that

Ng—Ng

where Y= = om
) Y

M,=UeM,, (10

whereng g , are number densities. The leptonic asymmetry

and alsoM by means olUgMgUk=Dxg: can be written a$4]

"_ 5 Y Y - c €
L =e|_DeeR+ VLM VVR+gVLeLW+ VEDRVR YL:d % (13)
where
where, in the SM, theC P-violating asymmetrye; is given
M’=M'UL=Mp. (11 by[23,24
Because of the electroweak sphaleron effect, the baryonic 1 S Im[(MIM,) ]2f< MJZ)
- . E =" . —_— y
asymmetryYy is related to the leptonic asymmetlg by 1 8mvA(MLMp) 1, 1523 pD/j1 M2
[22] (14)
a with
Yp=aYp- = 7L (12
f(x)=x 1—(1+ XL
with CO=Vx 1= (1+0)In——= =7/,
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FIG. 3. The baryonic asymmetryg vs |Ug| and § for VO, FIG. 4. The baryonic asymmetiyg vs |U3| and § for LOW,
quark-lepton symmetry, five texture zeros. quark-lepton symmetry, five texture zeros.

g* (SM)=106.75;v is the vacuum expectation valg¢eVv)  for 1=k=<10, O=k=1, respectively, where the parameker
of the SM Higgs doublet. In the SSM;—v sing, f(x) IS
—.g(x), g* (SSM)=228.75,

Mp (MEMp)1y

k: )
1.7%32m\g* Mi

andM is the Planck mass. In the SSM the critical valué 10
for k is lowered, but in our calculatiok remains always
much smaller. The presence of the dilution factor in @)
takes into account the washout effect produced by inverse
decay and lepton number violating scattering.

We make a random extraction of the free neutrino param-
ters for a total of 8000 points and we pMt versus such

1+x 2 (18
n——+ —
X

g(x)=—x V]

and a factor 4 is included im; [23], due to more decay

channels. For a hierarchical spectrum of heavy neutrinos
=—-3M,/2M;, g=—3M,/M;=2f, with a very good accu-

racy. Equation(14) arises from the interference between the
tree level and one loop decay amplitudes of the lightest
heavy neutrino, and includes vertex and self-energy correc ) . .
tions. The latter may be dominantfit, andM; are nearly parameters. As expected, about 4000 points give a negative

equal, so that an enhancement of the asymmetry may occutB- iny|Ueg| and & show a major effect anc_i thg results for
A good approximation ford, the dilution factor, is in- the f_|ve texture zero model are presented n Flgs. 1-4, ac-
ferred from Refs[25—27; cording to the four different solar neutrino solutions. Chang-

ing the other parameters, in particuldg, andm,, within the
_ 12 _ 14 allowed experimental limits, does not affect the general re-
d=(0.1k)exd = (4/3(0.1 k)] (19 sult. Since the favored range for the baryonic asymmetry is
for k= 10°, (28]
Yg=(1.7-8.9 x10 %,
d=0.24k(Ink)¥® (16) °
one can look at the region &g between 10! and 10 °.
for 10=k=10?, and The SMA, VO and LOW solutions can produce the required
amount of baryonic asymmetry, but with fine-tuning of the
d=1/2, d=1 (17) parameters. Notice that we plot Le¥g, which is negative.
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FIG. 5. The baryonic asymmetryg vs |Ugs| for SMA and FIG. 6. The baryonic asymmetryg vs |Ug| and & for VO,
LOW, quark-lepton symmetry, four texture zeros. quark-lepton symmetry, four texture zeros.

However, the trend is clear. For example, we find the phaseEq' (8), but with a further phaser/2 in Mezs, and

6 tuned aroundr — a, which corresponds @' =, Sinfy 0 Im,m, 0

<0. Moreover, according to Ref9], we find an enhance- m, —

ment of the asymmetry fofUes|=Vp1.U 3, where Vg Myszb ymme - me Jmym | (19
= uyLugL is the mixing matrix in the Dirac sectdthe ana- 0 \/mumt m,

logue of Vekm=VyVD). SinceVpi,=(1/3)ymy/me=0.07, _ . -
we get the maximum o 3 around|U43|=0.07x0.7=0.05.  Note that this form foM, has entries 1-2 and 2-3 filled in,
In a similar way one can explain why the SMA solution With respect to matrix7), while M ;3= 0. Useful results are
shows an enhancement, contrary to the LMA solution. Inin Figs. 5, 6, for the SMA, LOW and VO solutions, while the
fact, the further condition i&Je;=Vp15U .5, which is com-  LMA gives too small asymmetry as in the foregoing case.
patible with the SMA but not with the LMA. The two con- For SMA, LOW to work one ha$U |=0.01, and for VO
ditions correspond to the decouplingMf; from m; andm,,  @lso6=m/2.

respectively. Note that in Ref9] Vp1,=0.21 because there

the factor—3 in our Mg,, is absent. In this case one has a V. THE CASE OF A CHARGED-NEUTRAL LEPTON
different enhancement value fok,,, |U¢3|, SO that the SMA SYMMETRY

is also excluded. The presence of the factd allows the If there is a charged-neutral lepton symmetry, the Dirac

SMA 1o be reliable for leptogenesis, for the matrix teXtureneutrino mass matrix is related to the charged lepton mass

(7),(8). - .
In the supersymmetric case the calculated baryonic asymmamx rather than to the up quark mass matfik,~Me,

o : with
metry is increased by a factor of nearly 6. In fact, going from
the SM to the SSM, there is a factor 4 duedq a factor 0 Jm.m., 0
1/\2 due tog* (for d~1/k) and a factor 2 due tg(x): 4 w7
X (1/\2)x2=6. Hence, in the present context, the SSM Me=| Vmem, —m,  Jmem, |, (20
works better for leptogenesis, with respect to the SM. 0 \/memT m,

To test the dependence &f; on matrix texture, let us
consider a second pair of Hermitian matri¢&s], with four ~ for example(four texture zergs This form for M. is ob-
texture zeros, which is formed by the same makfix as in  tained by analogy td14 in Ref.[18]. There are some theo-
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FIG. 7. The baryonic asymmetryg vs |Ugs| for SMA and FIG. 8. The baryonic asymmeti vs|U | for VO and LOW,
LMA, charged-neutral lepton symmetry, four texture zeros. charged-neutral lepton symmetry, four texture zeros.

retical (left-right) models[29] with a charged-neutral lepton charged-neutral lepton symmetry for the Dirac mass matri-
symmetry, along with an up-down symmetry. However,ces. Other parameters have been checked. As a result, for
again, we can also assume it as a phenomenological hypothuark-lepton symmetry, we find that the SMA, VO, and
esis. The position of phases is somewhat arbitrary. We pltOW solutions for solar neutrinos are able to generate
phasesm/2 in Mg1,, Mgy in order to have a mixing in the enough asymmetry, especially in the supersymmetric case,
Dirac sector similar to the previous case. The value of théut with fine tuning and selected values of the parameters
baryonic asymmetrys is quite analogous to the case of a |Ues| and 6. For charged-neutral lepton symmetry the gen-
quark-lepton symmetry, see Figs. 7, 8. However, the maxieral results are similar.
mum level of asymmetry is now reached fats/=0. Let us discuss some related theoretical issues. Unified
Also for this case, we have checked the dependence diieories such asSO(10), or left-right models such as
matrix texture by using the Hermitian matrices formed by sixSU(3)X SU(2), X SU(2)gXU(1)g_, naturally contain

texture zeros heavy Majorana neutrinos, generated at the unification or
left-right scale[30], but also contain other particles, for ex-
0 0 \/m ample additional gauge bosons. Usually these particles are
much heavier than the lightest heavy Majorana neutrino, so
M,~Me~ 0 My 0 ' that they are sufficiently decoupled from the leptogenesis
Jymsm, 0 m, process, as confirmed in R¢B1]. In this way, the idea of

baryogenesis through leptogenesis may be attractive also
with a single phaser/2 in M3, but we have found no within unified or left-right models. The VO solution with
relevant difference with the asymmetry generated by matrixjuark-lepton symmetry gives the scale Mz around the
(20). Planck mass, while the SMA and LMA solutions give the
scale ofM near the unification scale (10GeV) [21]. Also
VI. CONCLUSION AND DISCUSSION the LOW soIL_Jtiqn may be consistent with the ur!ificatipn
scale. Thus, it is hard to reconcile the VO solution with
The baryonic asymmetryg has been calculated using a quark-lepton symmetry, in the context of unified theories,
random extraction for five of the nine neutrino parametersvhereas for the SMA and perhaps the LOW solutions this is
(three light masses; three angles and three phases in the mpessible. We point out that if the LMA is the right solution to
ing matriY and assuming quark-lepton symmetry orthe solar neutrino problem, then the framework used in this

073007-6



LEPTOGENESIS AND NEUTRINO PARAMETERS PHYSICAL REVIEW B3 073007

paper does not work for leptogenesis. If the VO solution isSince the quark-lepton symmetry is natural in unified mod-

right, then a good amount of leptogenesis can be obtainels, while the charged-neutralp-down symmetry is natural

but with fine tuning and outside normal unified models. Thein left-right models, in the present context the preferred so-

SMA and LOW solutions may be consistent with both uni- lution for solar neutrinos could be the SMA. However, neu-

fied theories and leptogenesis bounds, for selected values tfno data slightly favor the LMA solutiof32]. A possible

the complex parametey 5. alternative for the baryogenesis-via-leptogenesis mechanism
In the case of charged-neutral lepton symmetry the Vo work more extensively is by means of horizontal symme-

solution givesMg around the unification scale, while the tries[33].

SMA and LMA solutions giveMg near the intermediate

(left-right) scale (18 GeV) [21]. The LOW solution lies ACKNOWLEDGMENTS

between the two. Hence, the VO solution may be consistent

with both the unification scale and leptogenesis, and the We thank G. Covone for quick help withATHEMATICA

SMA with both the intermediate scale and leptogenesisand F. Buccella for comments on the manuscript.
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