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Theory for Baryon and Lepton Numbers
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Masses
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Dark Matter
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Introduction



�B = 1, �L = odd

Experimental Results

9

- Proton Decay: 

P. Fileviez Perez



�B 6= 0

�Le 6= 0,�Lµ 6= 0,�L� 6= 0

nB � nB̄

n�
⇠ 10�10

10

- Neutrino Oscillations:

Cosmology 

Baryon Asymmetry: Baryon Number Violation

Sakharov’s Condition, 1967

P. Fileviez Perez
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Living without the Great Desert
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B and L as Local Symmetries

13

A. Pais, 1973   (B as a Local Symmetry)

S. Rajpoot, 1987; Foot, Joshi, Lew, 1989

Carone, Murayama, 1995

Breaking Local Baryon and Lepton Numbers at the TeV Scale (NO Desert !!)

P. F. P., M.B. Wise, 2010

P. F. P., M. B. Wise, JHEP 1108(2011) 068

M. Duerr, P. F. P., M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013)



GSM ⌦ U(1)B ⌦ U(1)L

U(1)B and U(1)L

QL ⇠ (3, 2, 1/6, 1/3, 0), uR ⇠ (3, 1, 2/3, 1/3, 0), dR ⇠ (3, 1,�1/3, 1/3, 0)

⇥L ⇠ (1, 2,�1/2, 0, 1), eR ⇠ (1, 1,�1, 0, 1), �R ⇠ (1, 1, 0, 0, 1)

14

Breaking B and L at the TeV scale !

P. F. P., M. B. Wise, PRD82 (2010)011901; JHEP1108(2011)068

where: can be broken at the TeV Scale !

How to define an anomaly free theory ?
P. Fileviez Perez



A1

�
SU(3)2 � U(1)B

�
, A2

�
SU(2)2 � U(1)B

�
,

A3

�
U(1)2Y � U(1)B

�
, A4

�
U(1)Y � U(1)2B

�
,

A5 (U(1)B) , A6

�
U(1)3B

�
,

A7

�
SU(3)2 � U(1)L

�
, A8

�
SU(2)2 � U(1)L

�
,

A9

�
U(1)2Y � U(1)L

�
, A10

�
U(1)Y � U(1)2L

�
,

A11 (U(1)L) , A12

�
U(1)3L

�
,

A13

�
U(1)2B � U(1)L

�
,A14

�
U(1)2L � U(1)B

�
,

A15 (U(1)Y � U(1)L � U(1)B) ,

A2 = �A3 = 3/2 A8 = �A9 = 3/2

Anomalies Cancellation

15

Baryonic Anomalies:

Leptonic Anomalies: 

Mixed:

In the SM:
P. Fileviez Perez



Possible Solutions

• Sequential Family (B=-1, L=-3)

• Mirror Family (B=1, L=3)

• Vector-like Family with Seesaw

16

P. F. P., M. B. Wise, PRD82 (2010)011901; JHEP1108(2011)068

Now they are in disagreement with LHC Constraints !

What about Fermionic Leptoquarks ?
P. Fileviez Perez



�L ⇠ (1, 2,�1/2,�3/2,�3/2), �R ⇠ (1, 2,�1/2, 3/2, 3/2)

�L ⇠ (1, 1, 0, 3/2, 3/2), �R ⇠ (1, 1, 0,�3/2,�3/2)

�L ⇠ (1, 1,�1, 3/2, 3/2), �R ⇠ (1, 1,�1,�3/2,�3/2)

17

M. Duerr, P. F. P., M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013) 

One can define an anomaly free theory using the Fermionic Lepto-quarks:

They can have vector-like masses and cancel all anomalies !

P. Fileviez Perez



�L ⇥ h1�LH�R + h2�LH̃⇤R + h3�RH�L + h4�RH̃⇤L

+ ⇥1�L�RSBL + ⇥2�R�LSBL + ⇥3⇤R⇤LSBL

+ a1⇤L⇤LSBL + a2⇤R⇤RS
†
BL + h.c.

�L� = Y�⇤LH̃⇥R +
�R

2
⇥R⇥RSL + h.c.

SBL ⇠ (1, 1, 0,�3,�3), SL ⇠ (1, 1, 0, 0,�2)

18

M. Duerr, P. F. P., M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013) 

Interactions:

Higgses:

P. Fileviez Perez



 0
LF

�B = ±3,�L = ±2,�L = ±3

ZL, ZB

19

M. Duerr, P. F. P., M. B. Wise, arXiv:1304.0576 (Phys. Rev. Lett. 2013) 

Some Features:

Dark Matter: can be a cold dark matter candidate !

Symmetry Breaking: SBL ⇠ (1, 1, 0,�3,�3), SL ⇠ (1, 1, 0, 0,�2)

NO Proton Decay !

NO extra Flavour violation !

New Gauge Bosons:

NO DESERT !
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Bounds on the Baryonic Breaking Scale !
Dobrescu, Yu, PRD 88, 035021 (2013)

An, Hou, Wang, DU 2 (2013) 50

P. Fileviez Perez



21

Z’ mass [TeV]
0.5 1 1.5 2 2.5 3

) [
pb

]
t t

→
 B

R
(Z

’
× 

Z’
σ

-210

-110

1

10

210

310
Obs. 95% CL upper limit
Exp. 95% CL upper limit

 uncertaintyσExp. 1 
 uncertaintyσExp. 2 

Leptophobic Z’ (LO x 1.3)

Obs. 95% CL upper limit
Exp. 95% CL upper limit

 uncertaintyσExp. 1 
 uncertaintyσExp. 2 

Leptophobic Z’ (LO x 1.3)
ATLAS Preliminary

-1 = 14.3 fbdt L
  ∫

 = 8 TeVs

(a) Z′ upper cross section limits.

 mass [TeV]
KK

g
0.5 1 1.5 2 2.5

) [
pb

]
t t

→
KK

 B
R

(g
× 

KKg
σ

-210

-110

1

10

210

310

Obs. 95% CL upper limit
Exp. 95% CL upper limit

 uncertaintyσExp. 1 
 uncertaintyσExp. 2 

Kaluza-Klein gluon (LO)

Obs. 95% CL upper limit
Exp. 95% CL upper limit

 uncertaintyσExp. 1 
 uncertaintyσExp. 2 

Kaluza-Klein gluon (LO)
ATLAS Preliminary

-1 = 14.3 fbdt L
  ∫

 = 8 TeVs

(b) gKK upper cross section limits.

Figure 10: Observed and expected upper cross section limits times the tt̄ branching ratio on (a) Z′

bosons and (b) Kaluza–Klein gluons. The resolved and the boosted selections have been combined
in the estimation of the limits. Both systematic and statistical uncertainties are included.

of the nuisance parameters which decrease the estimated high-mass background in all channels and the
small excess in the boosted electron channel is amplified, leading to weaker observed limits than expected
limits.

Table 3: Upper 95% CL cross section limits times branching ratio on a leptophobic topcolor Z′ decaying
to tt̄, using the combination of all four samples. The observed and expected limits for each mass point
are given, as well as the ±1σ variation of the expected limit. The second column gives the theoretical
predictions with the 1.3 K-factor to account for NLO effects.

Mass (TeV) σ× BR ×1.3 [pb] Obs. (pb) Exp. (pb) −1σ (pb) +1σ (pb)
0.50 23. 5.30 4.99 1.50 10.7
0.75 5.6 2.17 1.00 0.249 1.87
1.00 1.6 0.406 0.335 0.091 0.674
1.25 0.57 0.187 0.160 0.064 0.323
1.50 2.1×10−1 0.148 0.096 0.041 0.198
1.75 0.087 0.066 0.030 0.137
2.00 3.9×10−2 0.078 0.055 0.023 0.117
2.25 0.078 0.045 0.021 0.103
2.50 6.9×10−3 0.081 0.035 0.017 0.081
3.00 1.5×10−3 0.083 0.019 0.010 0.053

11 Summary

A search for tt̄ resonances in the lepton plus jets decay channel has been carried out with the ATLAS
experiment at the LHC. The search uses a data sample corresponding to an integrated luminosity of
14.3 fb−1 of proton-proton collisions at a center-of-mass energy of 8 TeV. The tt̄ system is reconstructed
in two different ways. For the resolved selection, the hadronic top quark decay is reconstructed as two
or three R = 0.4 jets, and for the boosted selection, it is reconstructed as one R = 1.0 jet. No excess
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ATLAS NOTE
ATLAS-CONF-2013-052

May 13, 2013

A search for tt̄ resonances in lepton plus jets events with ATLAS using
14 fb−1 of proton-proton collisions at

√
s = 8 TeV

The ATLAS Collaboration

Abstract

A search for new particles that decay into top quark pairs (tt̄) is performed with the
ATLAS experiment at the LHC using an integrated luminosity of 14 fb−1 of proton-proton
collision data collected at center-of-mass energy

√
s = 8 TeV. The lepton plus jets final state

is used, where the top-pair decays as tt̄ → W+bW−b̄ with one W boson decaying leptonically
and the other hadronically. The tt̄ system is reconstructed using both a conventional resolved
jet analysis and a large-radius jet substructure analysis. The tt̄ invariant mass spectrum is
searched for local excesses deviating from the Standard Model prediction. No evidence for
a tt̄ resonance is found and 95% CL limits on the production rate are determined for massive
states in two benchmark models. The upper limits on the cross section times branching ratio
of a narrow Z′ boson decaying to top pairs range from 5.3 pb for a resonance mass of 0.5 TeV
to 0.08 pb for a mass of 3 TeV. A narrow leptophobic topcolor Z′ boson with a mass below
1.8 TeV is excluded. Upper limits are set on the cross section times branching ratio for a
broad color-octet resonance with Γ/m = 15.3% decaying to tt̄. These range from 9.6 pb for
a mass of 0.5 TeV to 0.152 pb for a mass of 2.5 TeV. A Kaluza-Klein excitation of the gluon
in a Randall–Sundrum model is excluded for masses below 2.0 TeV.

c© Copyright 2013 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.



gB , MZB , M� & B

pp ! ZB ! �̄�, q̄q, �̄�j, ..

Baryonic Dark Matter

22

M. Duerr, P. F. P., arXiv: 1309.3970

Annihilation:

Direct Detection:

LHC Signatures:

�̄� ! ZB ! q̄q

�N ! ZB ! �N

P. Fileviez Perez
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Left-Right Symmetry and Type III Seesaw
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Again: Can we break B and L at the TeV scale?
P. Fileviez Perez



SU(3)C ⌦ SU(2)L ⌦ SU(2)R ⌦ U(1)B�L

Left-Right Symmetry

25

Pati, Salam; Pati, Mohapatra; Senjanovic, Mohapatra

- Connection between Neutrino Masses and the Scale of Parity Violation

- Doorway to SO(10) Unification

- If the scale is low one has ‘exotic’ signals at the LHC

- Minimal Model has Type I and Type II Seesaw Mechanisms



SU(2)L ⌦ SU(2)R ⌦ U(1)B ⌦ U(1)L

QL ⇠ (2, 1, 1/3, 0), QR ⇠ (1, 2, 1/3, 0), `L ⇠ (2, 1, 0, 1), `R ⇠ (1, 2, 0, 1)

26

M. Duerr, P. F. P., M. Lindner, 1306.0568 (PRD)

SM Fermions:

Anomalies:

The Simplest Solution is ...........

He, Rajpoot, 1990

P. Fileviez Perez



�L ⇠ (3, 1,�3/4,�3/4), & �R ⇠ (1, 3,�3/4,�3/4),

27

Type III Seesaw Fields 

P. F. P., JHEP 03 (2009) 142

M. Duerr, P. F. P., M. Lindner, 1306.0568 (PRD)

The theory is anomaly free !

P. Fileviez Perez

2

where T3L and T3R are the isospin under SU(2)L and
SU(2)R, respectively.

As one expects, without extra fields we cannot define
an anomaly-free theory. Here, the nontrivial anomalies
are

A1

�
SU(2)2L ⌦ U(1)B

�
= 3/2, (3)

A2

�
SU(2)2L ⌦ U(1)L

�
= 3/2, (4)

A3

�
SU(2)2R ⌦ U(1)B

�
= �3/2, (5)

A4

�
SU(2)2R ⌦ U(1)L

�
= �3/2. (6)

Therefore, one needs to add new degrees of freedom to
cancel these anomalies. In order to simplify our main
task, we include extra fields that do not feel the strong in-
teractions since the anomaly between the QCD group and
baryon number is zero, i.e., A5

�
SU(3)2C ⌦ U(1)B

�
= 0.

Here we opt for the simplest solution where one can also
generate neutrino masses through the seesaw mechanism.
It is easy to show that the fields

⇢L ⇠ (3, 1,�3/4,�3/4) and ⇢R ⇠ (1, 3,�3/4,�3/4)

can provide the needed extra contributions for anomaly
cancellation. Notice that the anomalies

A6

�
U(1)2B ⌦ U(1)L

�
,A7

�
U(1)2L ⌦ U(1)B

�
,

A8 (U(1)B) ,A9

�
U(1)3B

�
,A10 (U(1)L) ,

and A11

�
U(1)3L

�
cancel as well. It is interesting to point

out that the leptoquarks needed for anomaly cancella-
tion have the right quantum numbers to generate neu-
trino masses through the type III seesaw mechanism. See
Ref. [18] for the implementation of the type III seesaw
mechanism in left–right symmetric models and Refs. [25–
27] for the implementation in other theories. Of course,
one can imagine di↵erent solutions to cancel the anoma-
lies, but we stick to the simplest one which also allows us
to generate masses for all fields. Therefore, one can say
that we have defined the simplest left–right theory based
on the gauge group GBL

LR .

III. LEPTOQUARKS AND NEUTRINO MASSES

As already mentioned before, one can use the fields
⇢L and ⇢R to generate neutrino masses through the type
III seesaw mechanism. In order to realize this idea, one
needs to define the Higgs sector using the interactions

� L � ¯̀
L

⇣
Y3�+ Y4�̃

⌘
`R

+ �D

�
`TLCi�2⇢LHL + `TRCi�2⇢RHR

�

+ �⇢ Tr
�
⇢TLC⇢L + ⇢TRC⇢R

�
SBL + h.c., (7)

where the needed Higgs fields are given by

� =

✓
�0
1 �+

2

��
1 �0

2

◆
⇠ (2, 2, 0, 0) , (8)

HT
L =

�
h+
L h0

L

� ⇠ (2, 1, 3/4,�1/4) , (9)

HT
R =

�
h+
R h0

R

� ⇠ (1, 2, 3/4,�1/4) , (10)

SBL ⇠ (1, 1, 3/2, 3/2) , (11)

and �̃ = �2�⇤�2. Notice that the Higgs sector is quite
simple. Now, under the left–right parity the new fields
transform as

⇢L
P ! ⇢R,�

P ! �†, HL
P ! HR. (12)

The fields ⇢L and ⇢R are given by

⇢L =
1

2

✓
⇢0L

p
2⇢+Lp

2⇢�L �⇢0L

◆
and ⇢R =

1

2

✓
⇢0R

p
2⇢+Rp

2⇢�R �⇢0R

◆
.

(13)

For spontaneous symmetry breaking (SSB), the Higgs
fields will obtain the vacuum expectation values (VEVs)

hHLi =
✓

0
vL/
p
2

◆
, hHRi =

✓
0

vR/
p
2

◆
, (14)

h�i =
✓
v1 0
0 v2

◆
, hSBLi = vBL/

p
2. (15)

The hierarchy of the VEVs, and therefore the symmetry
breaking sequence, is determined by the constraints on
the model. vR is giving mass to the right-handed gauge
boson, which has to be heavy (beyond TeV scale). HL

and � have SU(2)L quantum numbers, and will there-
fore participate in the electroweak symmetry breaking.
The sum of their VEVs can therefore not be beyond the
electroweak scale, and we have to fulfill

v21 + v22 +
1

2
v2L = (174GeV)2. (16)

Furthermore, because � directly gives mass to the
charged leptons, a la SM Higgs, vL ⌧ v1, v2. This di-
rectly leads to parity violation,

vL ⌧ vR. (17)

Finally, vBL gives mass to ⇢L and ⇢R [see Eq. (7)], which
have to be several hundred GeV or larger. In our setup,
we want to use a type III seesaw mechanism (see Fig. 2),
such that we have to demand vBL � vR.
After SSB, we can integrate out ⇢0L and ⇢0R and obtain

the relevant Lagrangian for the neutrino masses

�L⌫ = MD
⌫ ⌫L⌫R� 1

2
M III

⌫L
⌫TLC⌫L� 1

2
M III

⌫R
⌫TRC⌫R+h.c.

(18)
Here, the masses are given by

�
MD

⌫

�ij
= Y ij

3 v1 + Y ij
4 v2, (19)

�
M III

⌫L

�ij
=

�i
D�j

Dv2L
4
p
2�⇢vBL

, (20)

�
M III

⌫R

�ij
=

�i
D�j

Dv2R
4
p
2�⇢vBL

. (21)



HL ⇠ (2, 1, 3/4,�1/4), HR ⇠ (1, 2, 3/4,�1/4)

� ⇠ (2, 2, 0, 0)

SBL ⇠ (1, 1, 3/2, 3/2)

28

Relevant Interactions for Neutrino Masses:

Higgs Sector:

M. Duerr, P. F. P., M. Lindner, 1306.0568 (PRD)

P. Fileviez Perez
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Type III Seesaw 
and 

Left-Right Symmetry

Parity Violation !

M. Duerr, P. F. P., M. Lindner, 1306.0568 (PRD)
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Neutrino Masses 

3 + 2 System 

Two light sterile neutrinos at the renormalizable level !!

M. Duerr, P. F. P., M. Lindner, 1306.0568 (PRD)

P. Fileviez Perez



if vL ⇠ 1 GeV, and vBL ⇠ 10 TeV ! ⇤ & 3⇥ 103 TeV

Using vR ⇠ 1 TeV and vBL ⇠ 10 TeV ! M⌫R < 1 MeV.

31

Effect of higher-dimensional operators

3

⌫iL ⌫jL⇢0L ⇢0L

hHLi 6= 0 hSBLi 6= 0 hHLi 6= 0

FIG. 1: Type III seesaw for the left-handed neutrinos.

A diagrammatical presentation of these mass terms is
given in Figs. 1 and 2. Notice that both mass terms
M III

⌫L
and M III

⌫R
are generated through the type III see-

saw mechanism and there is a simple relation between
them:

M III
⌫L

=
v2L
v2R

M III
⌫R

. (22)

Now, parity violation, vL ⌧ vR, tells us that one must
have the relation

M III
⌫L

⌧ M III
⌫R

.

This is the first consequence of having the type III see-
saw mechanism in this context. The second consequence
is that the Majorana mass matrix for the right-handed
neutrinos given by M III

⌫R
has rank one. Therefore, only

one of the three right-handed neutrinos will have a non-
zero Majorana mass. We can rotate the right-handed
neutrinos such that ⌫R ! UR⌫R, and obtain

�L⌫ = M̃D
⌫ ⌫L⌫R� 1

2
M III

⌫L
⌫TLC⌫L� 1

2
MR⌫

3T
R C⌫3R+h.c.,

(23)
where M̃D

⌫ = MD
⌫ UR. Then, ⌫3R will generate an addi-

tional Majorana mass for the left-handed neutrinos via
the type I seesaw mechanism, such that we arrive at

� L⌫ = �1

2
MLL

⌫L
⌫TLC⌫L +

⇣
M̃D

⌫

⌘i↵
⌫iL⌫

↵
R + h.c., (24)

where ↵ = 1, 2. The mass of the left-handed neutrinos is
given by

�
MLL

⌫L

�ij
=

�
M III

⌫L

�ij � 1

MR

⇣
M̃D

⌫

⌘i3 ⇣
M̃D

⌫

⌘j3
. (25)

Notice we can go to the basis where the matrix MLL
⌫L

is
diagonal. Therefore, the mass matrix for the light neu-
trinos in the theory can be written as

M3+2
⌫ =

0

BBB@

0 0 0 m1
D m2

D
0 m1 0 m3

D m4
D

0 0 m2 m5
D m6

D
m1

D m3
D m5

D 0 0
m2

D m4
D m6

D 0 0

1

CCCA
. (26)

This is a simple matrix which defines the mixing between
the SM active neutrinos and the two extra sterile neutri-
nos. In the limit mi

D ! 0, the sterile neutrinos decouple
and one of the active neutrinos is massless. The theory

⌫iR ⌫jR⇢0R ⇢0R

hHRi 6= 0 hSBLi 6= 0 hHRi 6= 0

FIG. 2: Type III seesaw for the right-handed neutrinos.

does not predict the numerical values of the coe�cients
in the above matrix, but one expects that the two extra
sterile neutrinos can have mass below or at the eV scale.
See Ref. [28] for the constraints on sterile neutrinos with
mass around the eV scale. For other theories where one
predicts the existence of light sterile neutrinos without
assuming extra symmetries, see Refs. [29–32].
In general one should investigate the possible impact of

higher-dimensional operators to understand under which
conditions the predictions at the renormalizable level is
true. In this model one can write the higher-dimensional
operator

O⌫L = cL`L`LHLHLS
†
BL/⇤

2, (27)

which generates neutrino masses of the order M⌫L ⇠
v2LvBL/⇤2. Then, using the values vL ⇠ 1 GeV and
vBL ⇠ 10 TeV, one needs ⇤ & 3 ⇥ 103 TeV to avoid a
neutrino mass above 1 eV. The value of vL can of course
be much smaller, such that this is a very naive bound
on ⇤. A similar operator can generate masses for the
right-handed neutrinos,

O⌫R = cR`R`RHRHRS
†
BL/⇤

2. (28)

In this case the right-handed neutrino mass reads as
M⌫R ⇠ v2RvBL/⇤2. Using vR ⇠ 1 TeV and vBL ⇠ 10 TeV
and the above bound for ⇤, one gets M⌫R < 1 MeV. No-
tice that the two operators O⌫R and O⌫L are connected
by the left–right parity. After spontaneous symmetry
breaking these operators also induce baryon number vi-
olation, but they do not induce visible baryon number
violating decays in the quark sector such as proton de-
cay. There are higher-dimensional operators that induce
baryon number violation in the quark sector, e.g.,

O20 =
1

⇤16
(QLQLQL`L)

3
S†
BLS

†
BL, (29)

which, however, is of dimension 20 and therefore strongly
suppressed. Hence, there is no need to postulate a large
desert in this scenario.
Recently, the Planck Collaboration [33] has set limits

on extra relativistic degrees of freedom. The model stud-
ied in this Letter predicts the possible existence of extra
light degrees of freedom and one should investigate the
possible cosmological constraints. This study is beyond
the scope of this paper, but we would like to mention
how a consistent picture can be achieved. The contribu-
tion of the extra neutrinos to Ne↵ depends on the mass
of the new gauge bosons, Z1, Z2, and WR, since they can

3

⌫iL ⌫jL⇢0L ⇢0L

hHLi 6= 0 hSBLi 6= 0 hHLi 6= 0

FIG. 1: Type III seesaw for the left-handed neutrinos.

A diagrammatical presentation of these mass terms is
given in Figs. 1 and 2. Notice that both mass terms
M III

⌫L
and M III

⌫R
are generated through the type III see-

saw mechanism and there is a simple relation between
them:

M III
⌫L

=
v2L
v2R

M III
⌫R

. (22)

Now, parity violation, vL ⌧ vR, tells us that one must
have the relation

M III
⌫L

⌧ M III
⌫R

.

This is the first consequence of having the type III see-
saw mechanism in this context. The second consequence
is that the Majorana mass matrix for the right-handed
neutrinos given by M III

⌫R
has rank one. Therefore, only

one of the three right-handed neutrinos will have a non-
zero Majorana mass. We can rotate the right-handed
neutrinos such that ⌫R ! UR⌫R, and obtain

�L⌫ = M̃D
⌫ ⌫L⌫R� 1

2
M III

⌫L
⌫TLC⌫L� 1

2
MR⌫

3T
R C⌫3R+h.c.,

(23)
where M̃D

⌫ = MD
⌫ UR. Then, ⌫3R will generate an addi-

tional Majorana mass for the left-handed neutrinos via
the type I seesaw mechanism, such that we arrive at

� L⌫ = �1

2
MLL

⌫L
⌫TLC⌫L +

⇣
M̃D

⌫

⌘i↵
⌫iL⌫

↵
R + h.c., (24)

where ↵ = 1, 2. The mass of the left-handed neutrinos is
given by

�
MLL

⌫L

�ij
=

�
M III

⌫L

�ij � 1

MR

⇣
M̃D

⌫

⌘i3 ⇣
M̃D

⌫

⌘j3
. (25)

Notice we can go to the basis where the matrix MLL
⌫L

is
diagonal. Therefore, the mass matrix for the light neu-
trinos in the theory can be written as

M3+2
⌫ =

0

BBB@

0 0 0 m1
D m2

D
0 m1 0 m3

D m4
D

0 0 m2 m5
D m6

D
m1

D m3
D m5

D 0 0
m2

D m4
D m6

D 0 0

1

CCCA
. (26)

This is a simple matrix which defines the mixing between
the SM active neutrinos and the two extra sterile neutri-
nos. In the limit mi

D ! 0, the sterile neutrinos decouple
and one of the active neutrinos is massless. The theory

⌫iR ⌫jR⇢0R ⇢0R

hHRi 6= 0 hSBLi 6= 0 hHRi 6= 0

FIG. 2: Type III seesaw for the right-handed neutrinos.

does not predict the numerical values of the coe�cients
in the above matrix, but one expects that the two extra
sterile neutrinos can have mass below or at the eV scale.
See Ref. [28] for the constraints on sterile neutrinos with
mass around the eV scale. For other theories where one
predicts the existence of light sterile neutrinos without
assuming extra symmetries, see Refs. [29–32].
In general one should investigate the possible impact of

higher-dimensional operators to understand under which
conditions the predictions at the renormalizable level is
true. In this model one can write the higher-dimensional
operator

O⌫L = cL`L`LHLHLS
†
BL/⇤

2, (27)

which generates neutrino masses of the order M⌫L ⇠
v2LvBL/⇤2. Then, using the values vL ⇠ 1 GeV and
vBL ⇠ 10 TeV, one needs ⇤ & 3 ⇥ 103 TeV to avoid a
neutrino mass above 1 eV. The value of vL can of course
be much smaller, such that this is a very naive bound
on ⇤. A similar operator can generate masses for the
right-handed neutrinos,

O⌫R = cR`R`RHRHRS
†
BL/⇤

2. (28)

In this case the right-handed neutrino mass reads as
M⌫R ⇠ v2RvBL/⇤2. Using vR ⇠ 1 TeV and vBL ⇠ 10 TeV
and the above bound for ⇤, one gets M⌫R < 1 MeV. No-
tice that the two operators O⌫R and O⌫L are connected
by the left–right parity. After spontaneous symmetry
breaking these operators also induce baryon number vi-
olation, but they do not induce visible baryon number
violating decays in the quark sector such as proton de-
cay. There are higher-dimensional operators that induce
baryon number violation in the quark sector, e.g.,

O20 =
1

⇤16
(QLQLQL`L)

3
S†
BLS

†
BL, (29)

which, however, is of dimension 20 and therefore strongly
suppressed. Hence, there is no need to postulate a large
desert in this scenario.
Recently, the Planck Collaboration [33] has set limits

on extra relativistic degrees of freedom. The model stud-
ied in this Letter predicts the possible existence of extra
light degrees of freedom and one should investigate the
possible cosmological constraints. This study is beyond
the scope of this paper, but we would like to mention
how a consistent picture can be achieved. The contribu-
tion of the extra neutrinos to Ne↵ depends on the mass
of the new gauge bosons, Z1, Z2, and WR, since they can
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Summary

- One can define a consistent theory where B and L are 
local symmetries broken at the low scale in agreement 
with the experiments and there is no need to postulate 
the Great Desert.  One has a simple theory for dark 
matter (and baryogenesis) which can be tested at LHC.

- The Desert Hypothesis plays a major role in our view 
of the relation between the physics at the low and 
high scales. However, this picture can be WRONG !

P. Fileviez Perez

- Local B and L Symmetries together with Left-Right Symmetry 
requires Type III Seesaw. The Minimal Model predicts light sterile 
neutrinos at the renormalizable level.



THANK YOU !
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This is my contribution to the GoranFest which took place in 2010 !

Sorry, I am a bit late ;)

P. Fileviez Perez


