Un sabor de la teora de cuerdas

Sall Ramos-Snchez
UNAM

Universidad Aubnoma de Chiapas | MCTP

Octubre 10, 2016

En colaboracon con B. Carballo-Rerez & E. Peinado: arXiv :1607.06812

Saill Ramos-&anchez { UNAM A stringy avor



Almost accepted

Referee report

The authors of JHEP_061P_0816 have presented a novel synthesis of “top-
down” and “bottom-up” approaches to motivate a string-inspired flavor model
with the finite symmetry A(54). Although the model presented is preliminary
and incomplete (Eq. 17), it leads to an interesting correlation between the at-
mospheric and reactor angles in the neutrino sector, and definite predictions
for the neutrino parameters at the edges of their best fit values which could
soon be ruled out by more precise measurements. As the article contains
falsifiable predictions for the neutrino parameters and a well motivated UV
completion which restricts some of the arbitrariness of the model-building, I
believe it to be suitable for publication in JHEP upon minor revisions and
the correspondence of the authors on the following points:
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The need for discrete avor symmetries

8
three avors of SM particles
% observedmass patterns

o Need to explain SKM: PMNS phases
neutrino physics
§ suppression of proton decay
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The need for discrete avor symmetries

8
three avors of SM particles
% observedmass patterns

o Need to explain SKM: PMNS phases
g neutrino physics

suppression of proton decay

@ Recipe: extend the SM or GUT gauge grouggauge group) G

@ G non-Abeliar?
) various multidimensional irreps (interrelate families)

o G discrete?
) no signal of avored gauge bosons

o three generation®

Observation: 3;S3; (27) ; (54)  SU(3)
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Flavor symmetries: bottom{up

Flavor Symmetriess Discrete symmetries between generationd.in
G = D4;Sa;A4;D5;Pe;iiiy 3;Ss; (27) it

Aranda et al.; Fileviez Rerez; Pakvasa & Sugawara; Wyler; Fampton; Babu & Kubo; Mohan Parattu & Wingerter. ..
Kubo, Mondragn, Mondragn & &uregui; Mondragn & @  mez Izquierdo; Meloni, Morisi & Peinado

Spontaneous breaking (associated with Higgs mechanisi8WgY)

+

predictions of neutrino mixings
origin of hierarchies

o

o

o origin of textures

o origin of dark matter
o
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Flavor symmetries: bottom{up

Flavor Symmetriess Discrete symmetries between generationd.in
G = D4;Sa;A4;D5;Pe;iiiy 3;Ss; (27) it

Aranda et al.; Fileviez Rerez; Pakvasa & Sugawara; Wyler; Fampton; Babu & Kubo; Mohan Parattu & Wingerter. ..
Kubo, Mondragn, Mondragn & &uregui; Mondragn & @  mez Izquierdo; Meloni, Morisi & Peinado

Spontaneous breaking (associated with Higgs mechanisi8WsY)
+
Unfortunately

(54) is almost
unexplored!/

predictions of neutrino mixings
origin of hierarchies

o

o

@ origin of textures

e origin of dark matter
o
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Flavor symmetries: bottom{up

Flavor Symmetriess Discrete symmetries between generationd.in
G = D4;Sa;A4;D5;Pe;iiiy 3;Ss; (27) it

Aranda et al.; Fileviez Rerez; Pakvasa & Sugawara; Wyler; Fampton; Babu & Kubo; Mohan Parattu & Wingerter. ..
Kubo, Mondragn, Mondragn & &uregui; Mondragn & @  mez Izquierdo; Meloni, Morisi & Peinado

Spontaneous breaking (associated with Higgs mechanisi8WsY)
+
Our purpose HERE:

Explore potential of
(54) and its origin,

predictions of neutrino mixings
origin of hierarchies

o

o

@ origin of textures

e origin of dark matter
o
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Flavor symmetries: bottom{up

o Problem: Where doesG come from? (just arti cial?)
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Flavor symmetries: bottom{up

o Problem: Where doesG come from? (just arti cial?)

Solution: (4 +6) D string theory!

additional discrete symmetries due tmmpact dimensions
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Flavor symmetries: bottom{up

o Problem: Where doesG come from? (just arti cial?)

Solution: (4 +6) D string theory!

additional discrete symmetries due tmmpact dimensions

geometry ! symmetry

Discrete non-Abelian avor symmetries can arise
from the geometric structure of string

compacti cations! ,
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Strings




Strings
1970's:

1980's: Superstring theoriegusy + strings)

o type |

e type IIA

e type IIB

o HeteroticEg Eg I gauge bosons

o Heterotic SO(32) } + 10DN =1 SUSY

I includes gravity; no anomalies (nor tachyons)
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Compactifying string theories
@ compacti cations:
M%=M3t Xg vol(Xe) By N=1

0 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz,Strominger,Witten (1985)
CY
M4 @
>< e —
4D: mundo real ~(10'33cm)6
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Compactifying string theories
@ compacti cations:
M%=M3 Xg wvol(Xeg) 8 N=1
9 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz,Strominger,Witten (1985)
@ X;: warped spaces/manifolds
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Compactifying string theories
@ compacti cations:
M%=M3t Xg vol(Xe) By N=1
9 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz, Strominger,Witten (1985)

@ X;: warped spaces/manifolds

© Generalized CYhalf- at, SU(3) SU(3) manifolds, ...
@ X orbifolds Dixon Harvey,Vafa, Witten (1985)

| X X' X+2R

_— v/
2 X X
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Compactifying string theories
@ compacti cations:
M¥=M31 Xg volXe) §; N=1
9 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz, Strominger,Witten (1985)

@ X;: warped spaces/manifolds

© Generalized CYhalf- at, SU(3) SU(3) manifolds, ...
Q XGZ orbifolds Dixon,Harvey,Vafa,Witten (1985)

gou are here
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Compactifying string theories
@ compacti cations:
M¥=M31 Xg volXe) §; N=1
9 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz, Strominger,Witten (1985)

@ X;: warped spaces/manifolds
© Generalized CYhalf- at, SU(3) SU(3) manifolds, ...

Q XGZ orbifolds Dixon,Harvey,Vafa,Witten (1985)
orbifold
|V|4 . I
X —_—
4D: mundo real ~(10'33cm)6
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Compactifying string theories
@ compacti cations:
M¥=M31 Xg volXe) §; N=1
9 XG: Calabi-Ya.U threefOIdS Candelas,Horowitz, Strominger,Witten (1985)

@ X;: warped spaces/manifolds

© Generalized CYhalf- at, SU(3) SU(3) manifolds, ...
Q XGZ orbifolds Dixon,Harvey,Vafa,Witten (1985)

@ D-brane worlds (in type | & II):

10D k_/

4D: mundo real
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Framework: toroidal orbifolds

Orbifold: )
compact manifoldM

~ discrete group of isometriels

Toroidal Orbifold:
M = Tn = Rn:
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Framework: toroidal orbifolds

Orbifold: )
compact manifoldM

~ discrete group of isometriels

Toroidal Orbifold:
M = Tn = Rn:

E.g. 2D torusT?

2D T xie e
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Framework: toroidal orbifolds

Orbifold: )
compact manifoldM

~ discrete group of isometriels

Toroidal Orbifold:
M = Tn = Rn:

Abelian, e.g. 2; 3; 3 3
non-Abelian

g2l ) g=( ;v) suchthat gX =

where = #1 9 for
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2D toroidal orbifolds and xed points

2D | orbifolds

. @ L)
. D@
. S P
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Possible closed strings on the orbifold

Three types ofclosedstrings.
ordinarily closed, closed on the toruslosed under the orbifold
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Possible closed strings on the orbifold

Three types ofclosedstrings.
ordinarily closed, closed on the toruslosed under the orbifold

closed upto torus shifts

e \
- 1\ closed up to
I \orbifold elements
|

b %\ twisted string
)U® localized at xed point

\
\

€1
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Possible closed strings on the orbifold

Three types ofclosedstrings.
ordinarily closed, closed on the toruslosed under the orbifold

Twisted strings located at xed point$ LEEF statedocalized
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Possible closed strings on the orbifold

Three types ofclosedstrings.
ordinarily closed, closed on the toruslosed under the orbifold

€ = = YL

localized twisted states

LEEF states appear at de nit
points in compactspace

Twisted strings located at xed point$ LEEF statedocalized
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Selection rules: localizatiosgace group

@ Interacting strings join for the time they interact:
g1X Y,
~ w\
X %y
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Selection rules: localizatiosgace group

@ Interacting strings join for the time they interact:

O1X

~

X

yV\
g2y

1

1

1

¥
nX=Yy

201X
X’V\/
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Selection rules: localizatiosgace group

@ Interacting strings join for the time they interact:
g1X

Yan
G2y
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Selection rules: localizatiosgace group

@ Interacting strings join for the time they interact:

O1X

X : y"gzy R0 =t%hot
i for n interacting strings:
9= Q-
S Va N T
hX =Yy
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Selection rules: localizatiosgace group

@ Interacting strings join for the time they interact:

O1X

Y,
N ad : vézy 0=t
I
) for n interacting strings:
gxX =y Q
n

Q201X iz1 O =
X’\/\/

fx =y space group selection rule:

Q . G S
L@ e =57 (

#9y) J
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Selection rules: localizatiosgace group

Qn

: . S :
@ Space group rule:” ;_; CLas nWe )=( 5 ( #0y)

localization of states() coupling allowed or not
o LEEF interpretation:

I13#ne) 0 # ne)i=jpni
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Selection rules: localizatiosgace group

Qn

: . S :
@ Space group rule:” ;_; CLas nWe )=( 5 ( #0y)

localization of states() coupling allowed or not
o LEEF interpretation:
I13#ne) 0 # ne)i=jpni

Stringy space group selection rule

( LEEF symmetry Z) of the
couplings, acting on theharges

p;n .

@ See how this works!
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Flavor symmetry foB'= ,, #= 1

space group rule relabeling
0 e=2 e
o) D ;

im=0 jm=1
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Flavor symmetry foB'= ,, # =

space group rule

0 e=2 e
L o)

im=0 jm=1

Qn

G, P oo, P -
j:l(#p ;m(J)e):(# L J_m(l))e)

2( ;(0 mod 2)e)
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Flavor symmetry foB'= ,, #= 1

space group rule

0 e=2 e
o) D ;
im=0 jm=1
Q (). i P o, P i
@ mWe = (# 17 mi))e)
2( ;(0 mod 2)e)
) two »'s acting onm;p charges:
joi o 1.0 joi
jli 0 1 jli
joi o, 1 0 joi
jai 0 1 jli
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Flavor symmetry foB'= ,, # =

space group rule

0 e=2 e
L o)

jim=0i jm=1i
Q M. P oo P i
j":l (#° ;m(J)e) =(# iP j m(l))e)

2( ;(0 mod 2)e)

) two »'s acting onm;p charges:

oy 10

i 0 1 j1i

P, 10 o

! space group rule ;'s:
7! f 35 g J
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Flavor symmetry foB'= ,, #= 1

space group rule relabeling
degenerate xed points (no Wilson lines)
0 e=2 e
o) D ; o) o) ;
jm=0 jm=1i joi j i

Q, 0. P o P -
@ imBDe) = (% P mD)e)
2( ;(0 mod 2)e)

) two »'s acting onm;p charges:

oy 10

i 0 1 j1i

P, 10 o

! space group rule ;'s:
7! f 35 g J
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Flavor symmetry foB'= ,, #= 1

space group rule relabeling
degenerate xed points (no Wilson lines)

0 e=2 e L\, S
o) D ! ()

jim=0i jm= 1i joi j1i

Q, 0. P o P -
@ imBDe) = (% P mD)e)
2( ;(0 mod 2)e)

) two »'s acting onm;p charges:

oy 10

i 0 1 j1i

P, 10 o

! space group rule ;'s:
7! f 35 g J
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Flavor symmetry foB'= ,, #= 1

space group rule relabeling
degenerate xed points (no Wilson lines)

0 e=2 e L\, S
o) D ! D

jim=0i jm= 1i joi j1i

anzl (#p‘”;mme):(#PjP(”;(Pjmm)e) ) relabeling symmetns,:

, ermutation symmetr
=( ;(0 mod 2)e) (p Y )

) two »'s acting onm;p charges: m7! (m+1) mod2
o4 10 o o, 01 o
j1i 0 1 j1i jai 1 0 jai
o, 10 o
! space group rule ;'s:

7' f 3; g
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Flavor symmetry foB'= ,, #= 1

space group rule relabeling
degenerate xed points (no Wilson lines)

0 e=2 e L\, S
o) D ! D

jim=0i jm= 1i joi j1i

anzl (#p‘”;mme):(#PjP(”;(Pjmm)e) ) relabeling symmetns,:

, ermutation symmetr
=( ;(0 mod 2)e) (p Y )

) two »'s acting onm;p charges: m7! (m+1) mod2
o, 10 joi o 01 joi
ji "0 1 jai ji " 10 jai
joi 1 0 joi
I'space group rule »'s: relabeling symmetry S,:
7t s g 7 J
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Construction of the full avor symmetry group

@ Invariance of couplings under:

space group

generate the
group G

relabeling
2 2 [ S2 = G
Abelian non-Abelian non-Abelian!
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Construction of the full avor symmetry group

@ Invariance of couplings under:

space group

generate the
group G

relabeling
2 2 [ S2 = G
Abelian non-Abelian non-Abelian!
o Find normal subgrougtN = 2 G, generated by s;
G=S,n( 2 2) = Dg4 (symmetry of a square)
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Construction of the full avor symmetry group

@ Invariance of couplings under:

space group

C_D\ avor symmetry
space group & relabeling

generate the combined!
group G 1 Larger than symmetry of
compact space! ( 2)

relabeling
2 2 [ S2 = G
Abelian non-Abelian non-Abelian!
o Find normal subgrougtN = 2 G, generated by s;
G=S,n( 2 2) = Dg4 (symmetry of a square)
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Flavor symmetry fol °= 3, # = € '=3

space group rule

€2 jm = 2i

€1
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Flavor symmetry fol °= 3, # = € '=3

space group rule

€2 jm = 2i

e
jm = Oi '

. P P .
P @ mWe)=(# iP5, m0)e)
=( ;(0 mod 3)ey)

Q p(i) pli) |
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Flavor symmetry fol °= 3, # = € '=3

space group rule

€2 jm = 2i

e
jm = Oi '

b @ mWe) = (# (P,- m@))er)
=( ;(0 mod 3)ey)
) 2 Ig's acting onp; m charges:
P i p) :!.O mod 3
;m0)=0 mod 3

Q p(i) pli) |
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Flavor symmetry fol °= 3, # = € '=3

space group rule

€2 jm = 2i

e
jm = Oi '

b @ mWe) = (# (P,- m@))er)
=( ;(0 mod 3)ey)
) 2 Ig's acting onp; m charges:
P i p) :!.O mod 3
;m0)=0 mod 3

Q p(i) pli) |

space group rule sym:

3 3
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Flavor symmetry fol °= 3, # = € '=3

space group rule relabeling
jm = 2i

€2 €2

jm = 2i

e
jm = Oi '

b @ mWe) = (# (P,- m@))er)
=( ;(0 mod 3)ey)
) 2 Ig's acting onp; m charges:
P i p) :!.O mod 3
;m0)=0 mod 3

Q p(i) pli) |

space group rule sym:

3 3
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Flavor symmetry fol °= 3, # = € '=3

space group rule relabeling
jm = 2i

€2 €2

jm = 2i

. jm = 1i
im = 0 o
an:l @ mie) = (# i pm;(P m)er)
=( ;(0 mod 3)ey)
) 2 Ig's acting onp; m charges: +
p» 20 mod 3
PIY .
;m0)=0 mod 3
space group rule sym: relabeling symmetry:
3 3 S3
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Construction of the full avor symmetry group

e Invariance of couplings under:

space group

generate the
group G

relabeling
3 s [ Ss = G
Abelian non-Abelian non-Abelian!
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Construction of the full avor symmetry group

e Invariance of couplings under:

space group

generate the
group G

relabeling
3 s [ Ss = G
Abelian non-Abelian non-Abelian!
e There is anormal subgroupN = 3 3 G

G=3S3n( 3 3) = (54)
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(54) avor symmetry in 6D orbifolds

@ Construction Kit:
@ specify 6D geometry ;|
o space group rule!  Z
relabeling ! S
@ Flavor symmetryG= Sn Z

1 sS[Z
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(54) avor symmetry in 6D orbifolds

@ Construction Kit:
@ specify 6D geometry ;|
o space group rule!  Z
relabeling ! S
@ Flavor symmetryG= Sn Z

1 sS[Z

@ SinceT?= 3! G = (54) , search 6D orbifolds with such structure
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(54) avor symmetry in 6D orbifolds

@ Construction Kit:
@ specify 6D geometry ;|
o space group rule!  Z
relabeling ! S
@ Flavor symmetryG= Sn Z

1 sS[Z

@ SinceT?= 3! G = (54) , search 6D orbifolds with such structure

e Simplest optionsT®= 3, T6= 5, Té= 3 3
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(54) avor symmetry in 6D orbifolds

@ Construction Kit:
@ specify 6D geometry ;|
o space group rule!  Z
relabeling ! S
@ Flavor symmetryG= Sn Z

1 sS[Z

@ SinceT?= 3! G = (54) , search 6D orbifolds with such structure
o Simplest options:T6= 3, T6= 5, T6= 3 3

e BUT no promising models if%= 3, T6= 3, with (54)

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

Investigate 3 3 orbifolds!
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Flavor symmetries ili®= 5 3

o If all xed points are degenerateavor symmetry is large:

h i
G= 53 53 Sgn g '3 ( :r)’n)S
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Flavor symmetries ifi®= 3 3

o If all xed points are degenerateavor symmetry is large:

h i
G=S3 Sz Ssn 5 L (M3

e In 3 3 heterotic orbifolds, up to 3Vilson lines(WLs) allowed
WLs break degeneracgf xed points
EachchosenWL6 0 breaksone Ss
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Flavor symmetries ifi®= 3 3

o If all xed points are degenerateavor symmetry is large:
h [
G= 53 53 53 n g '3 ( 5”)3

e In 3 3 heterotic orbifolds, up to 3Vilson lines(WLs) allowed
WLs break degeneracgf xed points
EachchosenWL6 0 breaksone Ss

o Models with2 WLslead to avor
h i
G=Sn 5 3 (§)° (54) ,
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Flavor symmetries ifi®= 3 3

o If all xed points are degenerateavor symmetry is large:

h i
G=S3 Sz Ssn 5 L (M3

e In 3 3 heterotic orbifolds, up to 3Vilson lines(WLs) allowed
WLs break degeneracgf xed points
EachchosenWL6 0 breaksone Ss
@ Models with2 WLslead to avor
h i
G=Ssn 5§ 5 (1) (54) ,
@ Models with3 WLslead only toAbelian avor

=5 4
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A

@ Selectsemi-realistic models

4D gauge group=- SU3):  SU@2).  U(1)y  Gnidden
3 generations of quarks and leptorsa pairH,;Hgq
sin® w(Mgut)=3=8

only SM-vectorlike extra matter

<

¢ ¢ ¢
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A

@ Selectsemi-realistic models
© Choose models with54) avor symmetry
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A
@ Selectsemi-realistic models
© Choose models with54) avor symmetry
© ldentify the stringy restrictionson (54) quantum numbers of matter
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A
@ Selectsemi-realistic models
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Procedure to study stringy models witb4)

@ Determineall (inequivalent)Eg Eg gauge embeddings in heterotic
string
#1oV;1 1 Wie ! A
@ Selectsemi-realistic models
© Choose models with54) avor symmetry
© ldentify the stringy restrictionson (54) quantum numbers of matter
© Determine the related non-SUSlagrangianunder speci ¢ vacua
@ Allow for spontaneous breakdowsf (54) avor symmetry
@ Study the low-energyonsequences for quarks and leptons

I predictions?
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OfblfO'der needed aS a tO(QILs SR-S, Vaudrevange, Wingerter, 2011)
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http://stringpheno.fisica.unam.mx/orbifolder

Results of search of models

We found over7 10° admissible gauge embeddings:
e only 789 semi-realistic models
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Results of search of models

We found over7 10° admissible gauge embeddings:
@ only 789 semi-realistic models

@ 12 with 3 WLs (Abelian avor)
Q@ 81 with 1 WL (G much larger than(54) )
© 696 with2 WLs ! (54) G )

o (54) favoredas avor symmetry in 3 3 orbifolds
@ Only possible(54) representationsilg;311;312
@ SM quarks and leptongenerically intriplets

explanation forthree generations ,

* Numbers compatible with Nilles,Vaudrevange (2014) but we nd many more models
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(54) stringy example

Example
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(54) string spectrum

# irrep (54) label # anti-irrep (54) label
3 (3:2); 311 Qi
3 31 3 311 uj
3
3 31 g 311 dj
3 (1;2) 3 311 Li
3 (1;1), 311 ej
3 (1;1)g 312 i
1 (1;2) 1 1 Hg 1 (1;2), 1 Hu
2 2
Flavons
3 (11, 31 ;
3 (1:1), 311 e
3 (1:1), 312 i
2 (1;1), 2 1p s(de). gu
128 (1;1), 77 19 +16 315 + 311 N;
Exotic states
16 (1;2)1 10 1p+2 312 Vi 16 (1;2) 1 4 19+4 312 Vi
_ 6
3 (81) 312 Vi 3 31, 3 1o Vi
331 1 1o Zj 1 (3;1), 1o Zj
3 3
7 (11) g 4 1g+ 312 Xj 7 (1) 4 1o+ 311 Xj
2 2
51 (1;1) 1 30 19+7 31 wi 51 (1;1); 24 19+9 31 wi
3 3
u u d (die) ~(d;e) e (die) (die)
Wy Yik QiHulj kSu + Vi QiHadj s’ + yj LiHag 7's
+

Vi LiHuo j +

ijk

j

K

Saill Ramos-Sinchez { UNAM

A stringy avor
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(54) stringy phenomenology

(54) Phenomenology



(54) stringy phenomenology: down sector

From the superpotentiaWWy, quark and charged-lepton Lagrangias

L:( = yfl FiHf1 1+ FoHf2 2+ F3Hf3 3
+ yfz (FiHf2 + FpHf1) 3+ (F3Hf1 + F1Hf3) 2 +(F2Hf3z3+ F3Hf2) 1 + hic:;

Fi : LH fermion, f;: RH fermion, H : Higgs, : avon scalar
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(54) stringy phenomenology: down sector

From the superpotentiaWWy, quark and charged-lepton Lagrangias

L:( = yfl FiHf1 1+ FoHf2 2+ F3Hf3 3

+ yfz (FiHf2 + FpHf1) 3+ (F3Hf1 + F1Hf3) 2 +(F2Hf3z3+ F3Hf2) 1 + hic:;

Fi : LH fermion, f;: RH fermion, H : Higgs,

i . avon scalar
) down-quark and charged-leptomasses

Oyff yff yffl
o_m it Y2 p
MP =By s Vb v KT ude
Yo 2 Y2 1 Y1 3
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(54) stringy phenomenology: down sector

From the superpotentiaWWy, quark and charged-lepton Lagrangias

L:( = yfl FiHf1 1+ FoHf2 2+ F3Hf3 3

+ yfz (FiHf2 + FpHf1) 3+ (F3Hf1 + F1Hf3) 2 +(F2Hf3z3+ F3Hf2) 1 + hic:;

Fi : LH fermion, f;: RH fermion, H : Higgs,
) down-quark and charged-leptomasses

Oyff yff yf 1
p_B T FP O
MP=By L vig
Y2 2 Y21 W1

i . avon scalar

E f = u;d;e

W e TN R

assume avacuum/ avon alignment:h fi = v/ (0;rf ;1)

0 0 a  afrf !
MP=@ af drf 0 A a yh Y1V
arf 0 bf
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(54) stringy phenomenology: down sector

imposenow themass invariantgm! : measured fermion masses)

rMP = b @+ = mi+ml+mb;
r(MP)? = [2(a))?+ ()L (1)) = (M) + (m))? +(m5)%;
detMP = (@)% [1+(rf)3 = mimimi;
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(54) stringy phenomenology: down sector

imposenow themass invariantgm! : measured fermion masses)

f f f

rmMP = b@a+rh) = mi+ml+mb;
r(MP)? = [2(a))?+ ()L (1)) = (M) + (m))? +(m5)%;
detMpP = (@)H2p [1+(rf)? = mimimi;

taking the hierarchicalsol: r'  (m, mi)=m§ 1;@)2 mim}; v

0 1
0 9 — m} mgq T
q my;m; -~ my M3
3
D [ f f .
Mg % mélm2 m, my 0 E,
f f
m, m} [ f
o m;m, 0 my
3
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(54) stringy phenomenology: down sector

imposenow themass invariantgm! : measured fermion masses)

f f f

rmMP = b@a+rh) = mi+ml+mb;
r(MP)? = [2(a))?+ ()L (1)) = (M) + (m))? +(m5)%;
detMpP = (@)H2p [1+(rf)? = mimimi;

taking the hierarchicalsol: r'  (m, mi)=m§ 1;@)2 mim}; v

0 q f ¢ d 1
0 mymy Tl mim)
q M3
M P mémf2 mf2 mf1 0 ;
f f
o o ,
3
For down-quarks 5 ;
M -
)  tan ¢ ( dD)lz Md " Gatto-Sartori-Tonin
(Mg )22 ms

Saill Ramos-Sinchez { UNAM A stringy avor



(54) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric

r

MD m . .

) tan & EMED;H m—e leptonic Gatto-Sartori-Tonin
e )22
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(54) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric

r
MD m . .
) tan & (M )12 —€ leptonic Gatto-Sartori-Tonin

(MD)2 m

BUT all other quark and charged-lepton mixing angles are smallemth
observed /
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(54) stringy phenomenology: down sector

Down-quark and charged-lepton sectors are symmetric

r
MD m . .
) tan & (M )12 —€ leptonic Gatto-Sartori-Tonin

(MD)2 m

BUT all other quark and charged-lepton mixing angles are smallemth
observed /
Additional novelconsequence

ms myg 1 m Me

My m

more stringent thanb  uni cation /

Saill Ramos-Sinchez { UNAM A stringy avor



(54) stringy phenomenology: neutrino sector

From the superpotentialWy , renormalizableneutrino Lagrangiaris

Ly = yj[LiHy 1+ L2Hy 2+ LaHy 3]
+ 1 111% 22 2% 333
+ 2212342 13 242 234
) type | see-saw possible!!
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(54) stringy phenomenology: neutrino sector

From the superpotentialWy , renormalizableneutrino Lagrangiaris

Ly = yp[liHy 1+ L2Hy 2+ LaHy 3]
+ 1 111+t 222+t 333
+ 2212342 13 242 234
) type | see-saw possible!!
) RH neutrino massemasses
0 1
11 2 3 2 2
Mry = @ 5 4 1, 24, A
2 2 2 1 13
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(54) stringy phenomenology: neutrino sector

From the superpotentialWy , renormalizableneutrino Lagrangiaris

Ly = yp[liHy 1+ L2Hy 2+ LaHy 3]
+ 1 111+t 222+t 333
+ 2212342 13 242 234
) type | see-saw possible!!
) RH neutrino massemasses
0 1
11 2 3 2 2
Mry = @ 5 4 1, 24, A
2 2 2 1 13

assume avacuum/ avon alignment:h i=v . (Ry;; 1)

0 1
R2R?2 R( 1+ RR1) R( 2+ RRy)

yZhHi?
M = @ R( 1+ RR;) R, RZ%22 R(R Rézl) Ay R= =) = ————————
R( 2+RR1) R(R R%) Ry R 1 function (R1;R; )

N
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(54) stringy phenomenology: neutrino sector

Correlation atmospheric{reactor mixing angles compatibletwitest t

Forero,Tortola,Valle (2014)

@ atmospheric mixing angle51:3° . ,3. 531° (second octant),
@ reactor mixing angle7:8°. 1,. 8:9‘|’3 ,
@ 6meV. m ,. 6:8meV, 65meV . m . 70meV ,
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(54) stringy phenomenology: neutrino sector

Correlation atmospheric{reactor mixing angles compatibletwitest t

Forero,Tortola,Valle (2014)

Advantages of model:

@ atmospheric Compatible with T2K (2016) cond octant),
@ reactor mixir only normal hierarchyadmissible
° 6meV. m, Falsi able soon v
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Conclusions

@ (54) (and other) avor symmetries from compacti cation geometry:

space group®\
relabeling @@

Saill Ramos-Sinchez { UNAM A stringy avor



Conclusions

@ (54) (and other) avor symmetries from compacti cation geometry:

space group®\
relabeling g@
o Full classi cation of 3 3 heterotic orbifolds with 800 nice
models

Saill Ramos-Sinchez { UNAM A stringy avor



Conclusions

@ (54) (and other) avor symmetries from compacti cation geometry:

space group®\
relabeling g@
o Full classi cation of 3 3 heterotic orbifolds with 800 nice

models
@ 90% of them exhibit(54) avor symmetry

Saill Ramos-Sinchez { UNAM A stringy avor



Conclusions
@ (54) (and other) avor symmetries from compacti cation geometry:
space group®\
relabeling @@
o Full classi cation of 3 3 heterotic orbifolds with 800 nice
models

@ 90% of them exhibit(54) avor symmetry
@ Strong stringy constraints on pheno

Saill Ramos-Sinchez { UNAM A stringy avor



Conclusions

@ (54) (and other) avor symmetries from compacti cation geometry:

space group®\
relabeling g@
o Full classi cation of 3 3 heterotic orbifolds with 800 nice
models
@ 90% of them exhibit(54) avor symmetry
@ Strong stringy constraints on pheno
e Leading to =
@ 6mevV. m,. 6:8meV, 65meV . m . 70meV
@ correct masses for quarks and leptons
© Gatto-Sartori-Tonin in down-sector
@ funny uni cation mass relation/

@ normal hierarchy for neutrino masses
Q \predict" neutrino mixing angles,
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Conclusions

@ (54) (and other) avor symmetries from compacti cation geometry:

space group®\
relabeling g@
o Full classi cation of 3 3 heterotic orbifolds with 800 nice
models

@ 90% of them exhibit(54) avor symmetry
@ Strong stringy constraints on pheno
e Leading to -
Q@ 6mev. m, . BUT
Q correct masses pad quark mixing angles
@ Gatto-Sartori-Tc
© funny uni cation  ° Proton decay

©@ normal hierarch  , ynjusti ed vacuum alignments
Q \predict" neutrin

@ SUSY breaking not understood
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