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Introduction /Motivation
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Introduction

Generate neutrino masses
Dark matter existance connected to neutrino masses

Low scale lepton-quark unification in

SU(4). ® SU(2);, ® U(1)gr model

Scotogenic scenario and Pati-Salam symmetry in the
context of unification of gauge interactions
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Short Neutrino Mass Review
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Pati- d-5 Weinberg operator: 51 (u,-¢ — li¢p ) (de) — ¢ ) + h.c..*— Majorana neutrino masses
Salam+Scotogd

model+SU(7)
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m See-saw-2, add SM triplet scalar, m, = — 2
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Short review m See-saw-3, add SM triplet fermion, m,, = — Mlz)
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Dirac case requires extra symmeries and more additional fields’
m 4 tree level realizations

m_ 2 1-loop level realizations

*Phys. Rev. Lett. 43(1979), 1566;Phys. Rev. Lett. 81 (1998) 1171
T arXiv:1600.02538
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.43.1566
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.81.1171
http://inspirehep.net/record/1485720

Scotogenic model*

Pati-
Salam+Scotogd
model+SU(7)

BSM toolkit: 1, N ~ — under Z; discreete symmetry.
DM candidates: 0, N

Short review

*hep-ph/0601225
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http://inspirehep.net/record/709378

Scotogenic model in SU(6) GUTS

SISV  Simple case: Extend SU(5) to SU(6) to incude BSM particles
model+SU(7) needed

5F x 10 x 5%, 10F x 10 x 55 SU(5) Yukawa terms are
extended to

Short review 6F x 15F x 6%, 15F x 15¢ x 155 SU(6) Yukawas

Anomaly free combinations: 55 + 10, for SU(5),

6F + 67 + 15, for SU(6). New SU(6) 215 scalar is added to
obtain 2'nd Higgs doublet (Zy ~ —) with new interactions
6F X 6F x 215, 155 x 155 x 21¢ x 21¢

$10.1088,/1742-6596/539,/1/012001
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https://doi.org/10.1088/1742-6596/539/1/012001

Scotogenic model in SU(7) GUTY

Pati-

ST | ess simple case: Extend SU(5) to SU(7) to incude BSM
B particles needed
5f x 10F x 5%, 10 x 10 x 55 SU(5) Yukawa terms are
extended to

Tr x21p x 7%, 21 x 21 x 355 SU(7) Yukawas

Anomaly free combination for SU(7): 7F + 7F + 75 + 21f.
New 28 scalar needed to accomodate SU(2)y doublet, with
new interactions:7F X 7 x 28, 215 x 215 x 285 x 285

Short review

21, 21

28, 28

910.1088/1742-6596/539,/1,/012001
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https://doi.org/10.1088/1742-6596/539/1/012001

Low scale Lepto-Quark unification modell

Pati-
Salam+Scotogd GoL=SU(4)c®SU@2)L@U(1)r
model-+SU(7) Gauge symmetry:

FoL = ({'} ’(’) ~ (4.2,0),

F, = (u" V) ~(4,1,-1/2),
F;, = (1/’ e¢ ) ~ (4,1,1/2).

Short review Fields:

by &
= (4)2 03) + T4Hy ~ (15,2,1/2)
G Xu/V?2
Ay = ( H “é ) + T4B:L ~ (15,1,0)

LY, = YiFQLF,H + Y2FoLF,®
+ Y3 H'FgpFy + Y,@'Fg  Fy + he.,
3 =Ry ~ (3,2,-1/6) gy » 4 = R2 ~ (3,2,7/6) sy
L D YoQrP30° + Yol Pyu® +
YiQrdlet + Yyl dhde + hec.

larXiv:1307.6213
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https://arxiv.org/abs/1307.6213

Model particle content

ol Paté— o GGUT = 5U(7) — GLQ = 5U(4)c ® 5U(2)L ® U(l)R — GSM =
SO SU(3)c © SU(2)L ® U(1)y — SU(3)c @ U(1)em
Fields:ﬂF7 127 375;7 ms: ES: (ZS)

Triangular anomalies: % - % -1=0
Decompositions: _

21 — (6,1,1)pg — (3,1,4/3)SM,(3,1,2/3)5M

FQL ~ (4) 2, O)PS — (3) 2, 1/6)5M ’ (1) 2, _1/2)$M

(4,1, —1/2)P5 — (3,1, _1/3)SM (1,1, —1)5M

(17 1, _l)PS,SM

(1’ 27 73/2)P$,5M

7f = Fu~ (3, 1,—1/2)PS — (§, 1, _2/3)SM ,(1,1,0) 5,
(1,2,-1/2)ps s

(17 1, 1)PS,SM

35F — (4,1,-3/2)ps — (3,1, —4/3)5py 5 (1,1, —2) 5y
(67 27 _1/2)PS __> (37 2’ _1/6)5M ’ (37 27 _5/6)SM
(6,1,0)ps = (3,1,1/3) ¢y, (3,1, —1/3) sy

Fq ~ (71, 1, 1/2) ps —* (5, 1, 1/3)SM ,(1,1,1) g,
(1,1,2)ps sy

Z5 — (47 17 1/2)P5 - (3’ 17 2/3)5M ’ (1’ 17 O)SM
(1,2,-1/2) ps 510 (L, 1, =1)pg s
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28, 1405 decomposition

Pati-

STEEEes 28, — (10,1,1),5 — (6, 1,4/3)SM 1(3,1,2/3) 6y 5 (1,1,0) 6,
model-5U(7) (47 2v O)PS - (3’ 27 1/6)5M ) (17 27 _1/2)SM

(4,1,-1/2)ps — (3,1,-1/3) 4, (1,1, 1),

(17 3, _1)P5,SM ’ (1’ 2, _3/2)P5,SM ’ (17 1, _2)PS,SM

1405 — (4,2,-2) o — (3,2,-13/6),,, (1,2, -3/2)g,
(3,1,-3/2) ,c = (3,1,-5/3),,, (1,1 — 1)

(157 1,- 1)PS (37 1, _1/3)SM ’ (87 1, _1)SM ’ (1> 1- 1)SM7 (:_3, 17 _5/3)5/\4
(1,3, =L)ps s> (L L, =1)pg sy, 2 X (1,2, _1/2)PS,5M'(1’ l’o)PS,SM

(15 2, 130 i

(3.2,1/6)gy (8.2, ~1/2)g, (1.2.1/2)g,,. (3.2, ~7/6).,

(47270)PS —(3,2,1/6) g, (1,2, -1/2) g,

(2Ov 1? 1/2)P$ - (87 1’ O)SM ’ (67 17 2/3)$M ’ (3’ 17 2/3)SM ’ (3’ 1’ 4/3)
(4,3,1/2) = (3,2 2/3)SN17(1 3, 0)SM

2 X (47171/2)P5 (37172/3)SM7(1’170)SM
(47 2v 1)PS - (3’ 2_7 7/6)SM ) (1’ 27 1/2)SM
(6,2,3/2)ps - (3,2,11/6),,,(3,2,7/6) 5
(6,1,2)ps = (3,1,7/3) 4,5 (3,1,5/3) 5y
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Lagrangian interactions

Pati-
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model+SU(7)

285 x 28, 1405 x 140,
1405 x 1405 x 285
21 x 35¢ x 140
21F X 7 x 1405
35 x 35¢ X 140,

Tk X TF x 285
285 x 285 x 28 x 285
1405 x 140 x 1405 x 140¢
285 x 285 x 1405 x 1405
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List of VEVs

Pati-
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#
1
2
3
4
5

8
9
10

13

6,7

11,12

Scale

PS
EW
EW
EW
EW
EW

GUT

Repsu(r)

28
28
285
1404
140

1404
1404
1404
1404
1404
1405

( 323_1/2)



SU(T7) structure, breaking, generators

Pati-
Salam+Scotogd
model+SU(7)

48 generators, 6 diagonal (rank)
SU(7) — SU(4). ® SU(2); ® U(1)g (rank 5)
vg

29 generators become massive,
>5U(7)

e (7

SU(4). @ SU(2)L @ U(1)r L SUB). @ SU(2)L @ U(1)y

(I3SMPS_( \[T4+\/>T5)

mQ=(h+Y)gy= (/3+R+§T4)PS:

2 2 7 7
<\/;T3 + \/;T4+ s s+ §T6>SU(7)
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Gauge coupling unification

Pati-
Salam+Scotogd
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Unification

m ay(mz) = 0.1182, arem(mz) = 1/127.916,
an(mz) = Y2miuCe — 003303

m Mps =10% TeV, ny = /&, ngp = V5, My = 10" GeV,
Ozu(Mu) = 0.08577

m Sin20y(mz) = %
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Neutrino mass diagram

Pati-
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Scotogenic
Neutrino
Model in
SU(7)

14/21



Neutrino mass diagram
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1406 ~ vi112

1406 ~ vi1,12

0 -7 RN 0
1405 ~x 7 ‘\\QESNX
< A4
/ \
/ \
Scotogenic ,/ \\
Neutrino i \
Model in I \
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2p v T AL L T ~AY 2l
I
X
285 ~ V3
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Pati-
Salam+Scotogd
model+SU(7)

Scotogenic
Neutrino
Model in
SU(7)

Neutrino

mass diagram
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Fermion masses(General)
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Vi Vi3
Vio W9 V7 V4 V10,11 V5
My = Miz =
Vi3 Vi1 Vg V6 V6,7 Vi1,12

Vg  Vs6 Vo V10,11
0 wvs wvio

0
MQ:() = 53 Vi %] Mi2/3 = ( V5 )

Vio Vs
Vip V2 V3
Fermion V577 V8 Vg v11,12
masses Vio Vi3 V4 V567 0 w
Mi1/3 = Mi4/3 =
Vo Vi1 V567 Vg Vs V10,12

Vg V56 V10,12 V13

17/21



Fermion masses(Scotogenic)

Pati-
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v

0 Vo V7 V4 Vi1 0
My = Myr =
Vi3 Vi1 Vs Ve V6,7 V11,12

Vo Vo Vo V11

0 0 O 0 0
Mg=0= {0 vi va| Mip;3= (0 0)
0 v w3
Fermion
masses v7 Vg Vo V11712
0

iz W V6,7 Y, (0 O
+4/3 =
V9 Vi1 Vo7 Vg / 0 vio

Va Ve V12 Vi3
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Fermion masses(Splitted)
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v5,6,7,0,11,12,13 = 0
vg 0 O 0

0 0 V4 %10)
0 0 wpo 0 0
Moo= 0 wvi v | Myp3= o 0
- vip V2 w3
masses. vw 0 0 0
o w 0o o0 /0 0
Myiy/3 = 0 0 v v Myig/z = <0 V1o>
0 0 w wvpo
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Dark Matter
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Relic Constraint Relic Constrain Relic Consiraint
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Conclusions

Pati-
Salam+Scotogd
model+SU(7)

Generates neutrino masses via Scotogenic scenario
Zo symmetry is not ad hoc

Naturally accomodates DM

Unifies gauge couplings at 102 — 101® GeV
Predicts Sin?6y/(mz) = 3

Lepton-quark unification @10° GeV

Natural framework for different see-saw scenarios
Rich phenomenology

Conclusions

Thank you!
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