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Our goal

Flavor

Symmetries
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The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain
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The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG

o (G non-Abelian, discrete and with triplets
= triplet of G — G C SU(3) fiavor
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The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG

o (G non-Abelian, discrete and with triplets
= triplet of G — G C SU(3) fiavor

Observation: Z3,S3,A(27), A(54),... C SU(3)

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG

o (G non-Abelian, discrete and with triplets
= triplet of G — G C SU(3) fiavor

Observation: Z3,S3,A(27), A(54),... C SU(3)

@ Spontaneous breakdown of G — phenomenology (predictions?)
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The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG
o (G non-Abelian, discrete and with triplets
= triplet of G — G C SU(3) fiavor
Observation: Z3,S3,A(27), A(54),... C SU(3)

Unfortunately

@ Spontaneous breakdown of G — phenomer A(54) is almost
unexplored! @
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The need for discrete flavor symmetries

three flavors of SM particles
observed mass patterns
CKM, PMNS phases
neutrino physics

suppression of proton decay

@ Need to explain

@ Recipe: extend the SM gauge group as (gauge group)xG
o (G non-Abelian, discrete and with triplets
= triplet of G — G C SU(3) fiavor
Observation: Z3,S3,A(27), A(54),... C SU(3)

Our purpose HERE:

@ Spontaneous breakdown of G — phenomer Explore potential of
A(54) and its origin ©
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Flavor symmetries: bottom—up

@ Problem: Where does G come from? (just artificial?)
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Flavor symmetries: bottom—up meets top—down
@ Problem: Where does G come from? (just artificial?)

Solution: (4 + 6)D string theory!

additional discrete symmetries due to compact dimensions
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Flavor symmetries: bottom—up meets top—down

@ Problem: Where does G come from? (just artificial?)

Solution: (4 + 6)D string theory!

additional discrete symmetries due to compact dimensions

geometry — symmetry

Discrete non-Abelian flavor symmetries can arise
from the geometric structure of
string compactifications! ©

Kobayashi, Nilles, Ploger, Raby, Ratz (2007); Nilles, Ratz, Vaudrevange (2012)
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Strings

. — Nt
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Compactifying string theories

@ compactifications:
MM =AM @ X vol(Xg) ~ 05, N=1

0 Xﬁ: Calabi-YaU th reefOIds Candelas,Horowitz,Strominger, Witten (1985)
CY
M4 w
X [ —
4D: mundo real ~(1 0‘33(:m)6

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



Compactifying string theories

@ compactifications:

Mg,l — M3,l ® X6
@ X;: Calabi-Yau threefolds
© Xs: warped spaces/manifolds

Sail Ramos-Sanchez — UNAM
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Compactifying string theories

@ compactifications:
MM =AM @ X vol(Xg) ~ 05, N=1

0 XG: Calabi-YaU threefOIds Candelas,Horowitz,Strominger, Witten (1985)

© Xs: warped spaces/manifolds
© Generalized CY, half-flat, SU(3)xSU(3) manifolds, ...
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Compactifying string theories

@ compactifications:
MO = MP @ X vol(Xg) ~ 08, N =1
0 XG: Calabi-YaU threefOIds Candelas,Horowitz,Strominger, Witten (1985)

© Xg: warped spaces/manifolds
© Generalized CY, half-flat, SU(3)xSU(3) manifolds, ...

0 XG: orbifolds Dixon,Harvey,Vafa,Witten (1985)
orbifold
M“ o e .I
X -
4D: mundo real ~(1 0-33cm)6
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Framework: toroidal orbifolds

Orbifold: _
compact manifold M

~ discrete group of isometries I

Toroidal Orbifold:
M=T"=R"/A
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Framework: toroidal orbifolds

Orbifold: _
compact manifold M

~ discrete group of isometries I

Toroidal Orbifold:
M=T"=R"/A

E.g. 2D torus T2

e
T2: —
2D Xi~ X4 pet
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Framework: toroidal orbifolds

Orbifold: _
compact manifold M

~ discrete group of isometries I

Toroidal Orbifold:
M=T"=R"/A

E.g. 2D torus T2

e
Xi~ X4 pet

then, divide by T = Abelian, €8 Ly, i3, Uiz X 23
non-Abelian

2D
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Possible closed strings on the orbifold 77 /Z3

Three types of closed strings:
ordinarily closed, closed on the torus, closed under the orbifold
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Possible closed strings on the orbifold T2 /Zs

Three types of closed strings:
ordinarily closed, closed on the torus, closed under the orbifold

7
_~ 1\ closed up to
I \{)rbifold elements

|

\\ twisted string
A& localized at fixed point
\

\
€1
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Possible closed strings on the orbifold 77 /Z3

Three types of closed strings:
ordinarily closed, closed on the torus, closed under the orbifold

A _ _,’:\\
/// 1\
\
| N
: \
m m | A \\
localized twisted states | \
7
LEEF states appear at definite s/’ N

points in compact space el
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Possible closed strings on the orbifold 77 /Z3

Three types of closed strings:
ordinarily closed, closed on the torus, closed under the orbifold

————————— 2
€2 -7 1\
/// 1\
\
| N
: \
. . I AN
localized twisted states | \
e
LEEF states appear at definite s/’ N
points in compact space el

Twisted states defined by space group elements
g = (0,n4e,) <— conditions for the twisted strings to close
eg g=W=e"e) or g= (0 =e"5 e+ e)
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Selection rules: localization (space group)

@ Interacting strings join for the time they interact:
g1z Y,
~ A\

z 92y
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Selection rules: localization (space group)

@ Interacting strings join for the time they interact:

g1

~

T

AN

92y

I
I
I
v
gz =y

G201
m’\/\/
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Selection rules: localization (space group)

@ Interacting strings join for the time they interact:

g1

~

T

AN

92y

I
I
I
v
gz =y

G201
m’\/\/

Gz =y

g2y

8
- ——

glx Yy
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Selection rules: localization (space group)

@ Interacting strings join for the time they interact:

g1

~

T

AN

92y

I
I
I
v
gz =y

G201
917’\/\/

Gz =y

g2y

8
- ——

§1:1: Yy
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for m interacting strings:
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Selection rules: localization (space group)

@ Interacting strings join for the time they interact:

g1

~N I
z I g2y 9291 =0201 =
I
v for n interacting strings:
g1z =1y
n
/\/\9}9130 H¢:1 gi=1
X
glg:.: Y space group selection rule:
: pd ?:l(ﬂp(j)v ng)ea) = (17 LJj(Jl - 'lgp(j))A)J
T, ) g2y
\ ~
g1z Yy
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Selection rules: localization (space group)

@ Space group rule: J[7_ (191” n&)ea) = (1, U;(1 - ﬁp(j))A)
localization of states <= coupling allowed or not
@ LEEF interpretation:

> (19;0’ naea) — |(Q9p’ naea» = |pana>
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Selection rules: localization (space group)

@ Space group rule: J[7_ (191” n&)ea) = (1, U;(1 - ﬁp(j))A)
localization of states <= coupling allowed or not
@ LEEF interpretation:

I> (19;0’ naea) — |(Q9p’ naea» = |pana>

Stringy space group selection rule

<= LEEF symmetry of the
couplings, acting on the charges

b, Ne-
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Selection rules: localization (space group)

@ Space group rule: J[7_ (191” n&)ea) = (1, U;(1 - ﬁp(j))A)
localization of states <= coupling allowed or not
@ LEEF interpretation:

I> (19;0’ naea) — |(Q9p, naea» = |pana>

Stringy space group selection rule

<= LEEF symmetry of the
couplings, acting on the charges

b, Ne-

@ See how this works!
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An example: flavor symmetry for 12 /7Zs, ¥ = e2™/3

space group rule

2 |m = 2)

€1

jm = 0)
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An example: flavor symmetry for 12 /7Zs, ¥ = e2™/3

space group rule

2 |m = 2)
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An example: flavor symmetry for T2 /Zs, 9 =

space group rule

N m=2)

€1

Im = 0)

[T, smPer) = (@577 (5, mP)en)
< (1, (0 mod 3)er)
= 2 Z3's acting on p, m charges:
> p(J) =0 mod 3
ZJ m® =0 mod 3

Sail Ramos-Sanchez — UNAM
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An example: flavor symmetry for T2 /Zs, 9 =

space group rule

N m=2)

€1

lm = 0)
H;Lzl(ﬁp(j) ;mWDey) = (9% P (3, m@)ey)
< (1, (0 mod 3)er)
= 2 Z3's acting on p, m charges:
> p(J) =0 mod 3
ZJ m® =0 mod 3

space group rule sym:
Zs X Zg J
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An example: flavor symmetry for T2 /Zs, 9 = e2mi/3

space group rule relabeling

2 |m = 2) ez |m = 2)

€1 €1

|m = 0) |m = 0)
H;Lzl(ﬁp(j) ;mWDey) = (9% P (3, m@)ey)
< (1, (0 mod 3)er)
= 2 Z3's acting on p, m charges:
> p(J) =0 mod 3
ZJ m® =0 mod 3

space group rule sym:
Zs X Zg J

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



An example: flavor symmetry for 12 /7Zs, ¥ = e2™/3

space group rule relabeling

2 |m = 2) ez |m = 2)

€1 €1

|m = 0) |m = 0)
H?:l(ﬁp(j) ;mWDey) = (9% p? >, m@)ey)
< (1, (0 mod 3)er)
= 2 Z3's acting on p, m charges: U
> p(J) =0 mod 3
ZJ m® =0 mod 3

space group rule sym: relabeling symmetry:
Zs X Zg J 53 J
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Full flavor symmetry group in T2/Zs

@ Invariance of couplings under:

space group

generate the
group G

relabeling
Zig X g U S3 = G
Abelian non-Abelian non-Abelian!
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Full flavor symmetry group in T2/Zs

@ Invariance of couplings under:

space group

generate the
group G

relabeling
Zig X g U S3 = G
Abelian non-Abelian non-Abelian!

@ There is a normal subgroup N = Z3 X %3 C G
G = S3 X (Zg X Zg) = A(54)
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A(54) flavor symmetry in 6D orbifolds

@ Construction kit:

@ specify 6D geometry A, T
space group rule — Z
relabeling - S

© Flavor symmetry G = S x Z (but not always)

— SuUZ

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



A(54) flavor symmetry in 6D orbifolds

@ Construction kit:

@ specify 6D geometry A, T
space group rule — Z
relabeling - S

© Flavor symmetry G = S x Z (but not always)

— SuUZ

@ Since T?/Z3 — G = A(54), search 6D orbifolds with such structure

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



A(54) flavor symmetry in 6D orbifolds

@ Construction kit:

@ specify 6D geometry A, T
space group rule — Z
relabeling - S

© Flavor symmetry G = S x Z (but not always)

— SuUZ

@ Since T?/Z3 — G = A(54), search 6D orbifolds with such structure
@ Simplest options: T6/Zs3, T®/Z3 x 7y, TS /73 x 73
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A(54) flavor symmetry in 6D orbifolds

@ Construction kit:

@ specify 6D geometry A, T
space group rule — Z
relabeling - S

© Flavor symmetry G = S x Z (but not always)

— SuUZ

@ Since T?/Z3 — G = A(54), search 6D orbifolds with such structure
@ Simplest options: T6/Zs3, T®/Z3 x 7y, TS /73 x 73
@ BUT no promising models in 7% /Z3, T®/Z3 x Zy with A(54)

Lebedev,Ratz,SR-S,Vaudrevange (2008)

Investigate Zs x Zs orbifolds!
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Flavor symmetries in T /73 x Zs

o If all fixed points are degenerate, flavor symmetry is large:

G:ngngsgx[ngZg’x(Zgn)?’
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Flavor symmetries in T /73 x Zs

o If all fixed points are degenerate, flavor symmetry is large:
G = 53 x 53 x S3 X [ngzgx(zg”)?’

@ In Z3xZs heterotic orbifolds, up to 3 Wilson lines (WLs) allowed
WoLs break degeneracy of fixed points
Each chosen WL= (O breaks one S5
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Flavor symmetries in T /73 x Zs

o If all fixed points are degenerate, flavor symmetry is large:
G = 53 x 53 x S3 X [ngzgx(zg”)?’

@ In Z3xZs heterotic orbifolds, up to 3 Wilson lines (WLs) allowed
WoLs break degeneracy of fixed points
Each chosen WL= (O breaks one S5

@ Models with 2 WLs lead to flavor

G = S5 x [Zg x 7Y x (Zgﬂ)ﬂ S5 A(54) ©
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string
© Select semi-realistic models
o 4D gauge group = SU(3). x SU(2)r X U(1)y X Ghidden
3 generations of quarks and leptons + a pair H,,, Hg
sin” 0., (Mgur) = 3/8
only SM-vectorlike extra matter

¢ ¢ ¢
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string

Q Select semi-realistic models

© Choose models with A(54) flavor symmetry
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string

© Select semi-realistic models
© Choose models with A(54) flavor symmetry
© Identify the stringy restrictions on A(54) quantum numbers of matter
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string

© Select semi-realistic models
© Choose models with A(54) flavor symmetry
© Identify the stringy restrictions on A(54) quantum numbers of matter

© Determine the related non-SUSY Lagrangian under specific vacua
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Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string

© Select semi-realistic models
© Choose models with A(54) flavor symmetry
© Identify the stringy restrictions on A(54) quantum numbers of matter

© Determine the related non-SUSY Lagrangian under specific vacua

O Allow for spontaneous breakdown of A(54) flavor symmetry

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



Procedure to study stringy models with A(54)

© Determine all (inequivalent) EgxEg gauge embeddings in heterotic
string

© Select semi-realistic models
© Choose models with A(54) flavor symmetry
© Identify the stringy restrictions on A(54) quantum numbers of matter

© Determine the related non-SUSY Lagrangian under specific vacua

O Allow for spontaneous breakdown of A(54) flavor symmetry

@ Study the low-energy consequences for quarks and leptons

— predictions?
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OI’beOldel’ needed aS a tOOl (Nilles, SR-S, Vaudrevange, Wingerter, 2011)

-~

The Orbifolder - Mozilla Firefox

File Edit View History Bookmarks Tools

4it The Orbifolder
;%3» | o

[EMost Visited v @ Getting Started [E]Latest Headlines» [JVanDe Graaff [} CCTUNAM »

orbifolder on-ine
+ + download compiled prompt
download source code
complementary notes
onBIFolnEn help | about | contact us

Orbifolder
version: 1.2 {Feb 29, 2012)
platform: linux
dependencies: Boost, GSL
license: GNU GPL
by: Hans Peter Nilles,
Sail Ramos-Sanchez,
Patrick K.S. Vaudrevange &
javaseript:// Akin Wingerter
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http://stringpheno.fisica.unam.mx/orbifolder

Favored flavor symmetries in promising heterotic orbifolds

Zn flavor symmetry LN XL flavor symmetry
Zs3 (1,1) no viable model Ly X2 (1,1) (D4 X D4) /7o [D4]
7.4 (1,1) no viable model Ly X Za (1,1) Dy x (D4 X Z4)/Z2
(2,1) Zy [(D4 x D4)/Z2]
(3, 1) 74 [D4 or (D4 X Z4)/Z2]
Zg-1 (]_7 1) Zg Zio X Zig-| (1, ].) Zio X L [ D4]
(2,1) Ze Lo x Zg-11 (1,1) no viable model
Zg-1l (].7 1) Dy 73X 73 (1, 1 A(54)
(2,1) Dy [(A(54) x A(54))/Z2]
(3,1) Dy T3 x g (1,1 ZzxTo [A(54)]
(4, 1) Dy ZixZs (1,1) (D X Z4)]72)? )7
L7 (L1 Z7 (D4 x Z4) ) 22)
Zs-l  (1,1)  Zs [(Da X Zg)/ o) T X T 1,1 76 X Zg
(2, 1) 7.8 [(D4 X Zg)/ZQ]
(37 1) ZS
Zg—” (].7 1) Dy [(D4 X ZS)/ZQ]
(27 1) D4
Zao-l - (1,1) Z12
(2,1) VAD)
Zio-l_(1,1) Z12 [Da] [S.R-S arxiv:1708.01595]
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Results of search of models

We found over 7 x 10° admissible gauge embeddings:

@ only 789 semi-realistic models*
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Results of search of models

We found over 7 x 10° admissible gauge embeddings:
@ only 789 semi-realistic models*

© 12 with 3 WLs (Abelian flavor)
© 81 with 1 WL (G much larger than A(E)él)gD
Q 6% with2WLs —  A(54) C G
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Results of search of models

We found over 7 x 10° admissible gauge embeddings:
@ only 789 semi-realistic models*

© 12 with 3 WLs (Abelian flavor)
© 81 with 1 WL (G much larger than A(E)él)gD
Q 6% with2WLs —  A(54) C G

@ A(54) favored as flavor symmetry in Z3xZs orbifolds
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Results of search of models

We found over 7 x 10° admissible gauge embeddings:
@ only 789 semi-realistic models*

© 12 with 3 WLs (Abelian flavor)
© 81 with 1 WL (G much larger than A(E)él)gD
Q 6% with2WLs —  A(54) C G

o A(54) favored as flavor symmetry in Z3x7Zj3 orbifolds ~©
@ Only possible A(54) representations: 19,311,312 @
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Results of search of models

We found over 7 x 10° admissible gauge embeddings:
@ only 789 semi-realistic models*

© 12 with 3 WLs (Abelian flavor)
© 81 with 1 WL (G much larger than A(E)él)gD
Q 6% with2WLs —  A(54) C G

o A(54) favored as flavor symmetry in Z3x7Zj3 orbifolds ~©
@ Only possible A(54) representations: 19,311,312 @

@ SM quarks and leptons generically in triplets

explanation for three generations!! ®

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



Results of search of models

We found over 7 x 10° admissible gauge embeddings:
@ only 789 semi-realistic models*

© 12 with 3 WLs (Abelian flavor)
© 81 with 1 WL (G much larger than A(E)él)gD
Q 6% with2WLs —  A(54) C G

o A(54) favored as flavor symmetry in Z3x7Zj3 orbifolds ~©
@ Only possible A(54) representations: 19,311,312 @

@ SM quarks and leptons generically in triplets

explanation for three generations!! ®

* Numbers statistically compatible with Nilles, Vaudrevange (2014), but we find many more models @
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A(54) stringy example

Example

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



A(54) string spectrum

+ Y LiHuD; + Xijk il B,

Sail Ramos-Sanchez — UNAM

A stringy taste of flavor

4,4,k =1,2,3,

# irrep A(54) label # anti-irrep A(54) label
3 (3;2)% 311 Qi
3 (3 1)_% 311 g
3 (8, 1)% 311 d;
3 (1;2)7% 311 L;
3 (1,1), 311 €;
3 (,1), 312 v;
1 (172),% 1o Hy 1 (172)% 1o Hy,
Flavons
3 (1,1), 311 [
3 (1,1), 311 o
3 (1,1), 312 *7
2 (1,1), 2. 19 slde) gu
128 (1,1), 7719 + 16 - 315 + 311 N;
Exotic states
6 (1,2)1 T0- 1o + 2 312 v; 6  (1,2) 1 1-1p +4 312 T;
6 _ 6
3 (8,1) 312 Yi 3 (3,1), 3 X 19 Ui
1 (8 1)_% 19 2 1 (8, 1)% 19 z;
7 (1,1) % 4-19 + 312 x; 7 (1,1)% 4-19+ 311 z;
51 (1,1) 1 30-109+7- 312 w; 51 (1,1)1 241949319 w;
3 3
_ (d.e) ((dse) (d e) 4(d.e)
Wy = yzng Hﬂu]¢k5u + yqu Hdd O + y kL Hdej




A(54) stringy phenomenology

A(54) Phenomenology
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A(54) stringy EXAMPLE

- From superpotential, obtain quark and charged-lepton Lagrangian

cl = yl [FHfi¢1 + FoH 262 + F3Hf3¢3]
+ i [(FHf2+ FoHf1)és + (FsHJy + FLHf3)¢2 + (FaHfs + FsHf2)d1] + hec.,

F; @ LH fermion, f;: RH fermion, H : Higgs, ¢;: flavon scalar
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A(54) stringy EXAMPLE

- From superpotential, obtain quark and charged-lepton Lagrangian
L =

y] [FLH161 + F2H fa¢po + F3H f3¢3]

+ i [(FHf2+ FoHf1)és + (FsHJy + FLHf3)¢2 + (FaHfs + FsHf2)d1] + hec.,

F; : LH fermion, f;: RH fermion, H : Higgs, ¢;: flavon scalar
- Assume a flavon alignment in D sector: (¢/) = v(J;(O,rf, 1)
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A(54) stringy EXAMPLE
- From superpotential, obtain quark and charged-lepton Lagrangian

£ = vyl [FHfi¢1 + F2H 22 + F3H f3¢3]

+ i [(FHf2+ FoHf1)és + (FsHJy + FLHf3)¢2 + (FaHfs + FsHf2)d1] + hec.,

F; : LH fermion, f;: RH fermion, H : Higgs, ¢;: flavon scalar
- Assume a flavon alignment in D sector: (¢/) = U(J;(O,Tf, 1)
- Impose now the mass invariants (mf measured fermion masses)
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A(54) stringy EXAMPLE
- From superpotential, obtain quark and charged-lepton Lagrangian

£ = vyl [FHfi¢1 + F2H 22 + F3H f3¢3]
+ i [(FHf2+ FoHf1)és + (FsHJy + FLHf3)¢2 + (FaHfs + FsHf2)d1] + hec.,

F; : LH fermion, f;: RH fermion, H : Higgs, ¢;: flavon scalar
- Assume a flavon alignment in D sector: (¢/) = U(J;(O,Tf, 1)
- Impose now the mass invariants (mf measured fermion masses)

- Take the hierarchical sol: »/ ~ (m] —m{)/mf < 1, ()2 =mim], o/ ~m]

ff mi-m{ [y

0 may My
mymy ™l mymy
MJP ~ m{mg mg - m{ 0 )
o
™2 1 m{mg 0 m£
m3
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A(54) stringy EXAMPLE
- From superpotential, obtain quark and charged-lepton Lagrangian

£ = vyl [FHfi¢1 + F2H 22 + F3H f3¢3]
+ i [(FHf2+ FoHf1)és + (FsHJy + FLHf3)¢2 + (FaHfs + FsHf2)d1] + hec.,

F; : LH fermion, f;: RH fermion, H : Higgs, ¢;: flavon scalar
- Assume a flavon alignment in D sector: (¢/) = U(J;(O,Tf, 1)

- Impose now the mass invariants (mf measured fermion masses)
- Take the hierarchical sol: »/ ~ (m] —m{)/mf < 1, ()2 =mim], o/ ~m]

mf —mf
0 m{mg —2—L m{mg
m3
MJP ~ T{mg mg - m{ 0 )
mi; L m{mg 0 m£
3

For down-quarks

M

= tanfo = % ~ )T Gatto-Sartori-Tonin ©
(M7 )22 ms
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A(54) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric

(MP)i2 e

(MP)22 my

= tanfg =~

Sail Ramos-Sanchez — UNAM
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A(54) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric

(MP)i2 e

) ~ leptonic Gatto-Sartori-Tonin @
(MP)22 my

= tanfg =~

BUT all other quark and charged-lepton mixing angles are smaller than
observed ©
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A(b4) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric
(MP)12 | [Te

) ~ leptonic Gatto-Sartori-Tonin @
(MP)22 my

= tanfg =~

BUT all other quark and charged-lepton mixing angles are smaller than
observed ©

Additional novel consequence

more stringent than b — 7 unification ®
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A(54) stringy phenomenology: neutrino sector

From the superpotential Wy, renormalizable neutrino Lagrangian is

Ly = yi[LiHuv1 + LoHyvo + L3 Hy 3]

+ A1 [0 @Y + Davadh + Usiady]

+ A2 [201029% + 201 D3dh + 202036 |
= type | see-saw possible!! ®)
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A(54) stringy phenomenology: neutrino sector

From the superpotential Wy, renormalizable neutrino Lagrangian is

Ly = yi[LiHuv1 + LoHyvo + L3 Hy 3]

+ A1 [0 @Y + Davadh + Usiady]

+ A2 [201029% + 201 D3dh + 202036 |
= type | see-saw possible!! ®)

= RH neutrino masses masses

MY Nagy Mooy
Mprr = | X205 Mgy Aedf
A28 2ol Aief
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A(54) stringy phenomenology: neutrino sector

From the superpotential Wy, renormalizable neutrino Lagrangian is

Ly = yi[LiHuv1 + LoHyvo + L3 Hy 3]
+ A1 [0 @Y + Davadh + Usiady]
+ A2 [201029% + 201 D3dh + 202036 |

= type | see-saw possible!! ®)
= RH neutrino masses masses

MY Nagy Mooy
Mprr = | X205 Mgy Aedf
A28 2ol Aief

assume a vacuum/flavon alignment: (¢) = vy, (R1,6,1)
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A(b4) stringy phenomenology: neutrino sector

From the superpotential Wy, renormalizable neutrino Lagrangian is

Ly = y{[L1Huv1 + LaHyuvz + L3Hy3]
+ A 1@y + Dabadh + D3izdl |
+ A2 [201029% + 201 D3dh + 202036 |

= type | see-saw possible!! ®)
= RH neutrino masses masses

MY Nagy Mooy
Mprr = | X205 Mgy Aedf
A28 2ol Aief

assume a vacuum/flavon alignment: (¢) = vy, (R1,6,1)
run over all parameter values looking for neutrino phenomenology
compatible with data
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A(54) stringy phenomenology: neutrino sector

Correlation atmospheric—reactor mixing angles compatible with best fit
Forero, Tortola,Valle (2014)

0.40

I I T B — I

0.018 0.020 0.022 0.024 0.026 0.028

sin6,3

@ atmospheric mixing angle: 51.3° < fa3 < 53.1° (second octant) ©
@ reactor mixing angle: 7.8° < 613 < 8.9° ©
o 6meV <m,, <6.8meV, 65meV <> m, <T70meV ©

~ ~
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A(54) stringy phenomenology: neutrino sector

Correlation atmospheric—reactor mixing angles compatible with best fit
Forero, Tortola,Valle (2014)

040, ‘ e ‘
0.018 0.020 0.022 0.024 0.026 0.028
Advantages of model:
@ atmospheric | Compatible with T2K (2016) ‘ond octant) ®
@ reactor mixin only normal hierarchy admissible
o 6meV <m,, Falsifiable soon 5V ©
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Conclusions

@ A(54) and other flavor symmetries from compactification geometry:

space group @

relabeling
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Conclusions

@ A(54) and other flavor symmetries from compactification geometry:

space group @

relabeling

@ Favored flavor groups in promising models: D4 (50%), A(54) (5%)
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Conclusions

@ A(54) and other flavor symmetries from compactification geometry:

space group @

relabeling

@ Favored flavor groups in promising models: D4 (50%), A(54) (5%)
@ Classification of Zg3 x Zg heterotic orbifolds with ~ 800 nice models
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Conclusions
@ A(54) and other flavor symmetries from compactification geometry:
D SN
relabeling Qf@
@ Favored flavor groups in promising models: D4 (50%), A(54) (5%)

@ Classification of Zg3 x Zg heterotic orbifolds with ~ 800 nice models
@ 90% of them exhibit A(54) flavor symmetry
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Conclusions
@ A(54) and other flavor symmetries from compactification geometry:
space group @
relabeling @@
@ Favored flavor groups in promising models: D4 (50%), A(54) (5%)
@ Classification of Zg3 x Zg heterotic orbifolds with ~ 800 nice models

@ 90% of them exhibit A(54) flavor symmetry
@ Strong stringy constraints on pheno
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Conclusions

@ A(54) and other flavor symmetries from compactification geometry:

space group @

relabeling

Favored flavor groups in promising models: D4 (50%), A(54) (5%)
Classification of Zg X Z3 heterotic orbifolds with ~ 800 nice models
90% of them exhibit A(54) flavor symmetry
Strong stringy constraints on pheno
Leading to

Q 6meV <m,, <6.8meV, 65meV < m, <70meV ©

@ correct masses for quarks and leptons

© Gatto-Sartori-Tonin in down-sector

© funny unification mass relation ®

@ normal hierarchy for neutrino masses

@ “predict” neutrino mixing angles ©

© &6 ¢ ¢ ¢
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Conclusions

@ A(54) and other flavor symmetries from compactification geometry:

space group @

relabeling

Favored flavor groups in promising models: D4 (50%), A(54) (5%)
Classification of Zg X Z3 heterotic orbifolds with ~ 800 nice models
90% of them exhibit A(54) flavor symmetry
Strong stringy constraints on pheno
Leading to
Q@ 6meV <m,, < BUT
© correct masses fc 4 pad quark mixing angles
© Gatto-Sartori-To
© funny unification
@ normal hierarchy
Q ‘“predict” neutrir

© &6 ¢ ¢ ¢

@ proton decay

¢

unjustified vacuum alignments

@ SUSY breaking not understood
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And, of course,...

\}_ TRAFFIC c |_ !
O e h, @, 7R RAMOS-SANCHE

NOT TOLL FREE (505) 503 - 4455 @ (505) 503 - 4455 SE HABLA ESPANOL

Satil Ramos-Sanchez — UNAM A stringy taste of flavor



