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Top-down meets Bottom-up: two paths, the same goal

String pheno
UV complete theory

Extra dimensions

dimensions
New symmetries

New symmetries

Extra particles

Verified (standard) physics

Particle physics & cosmology

Salil Ramos-Sanchez (IF, UNAM) The flavor of a string 2/25



Some flavored puzzles...

Despite the great success of the SM

three flavors of SM particles
observed mass hierarchies
observed quark and lepton mixing textures

. CP violation in CKM and PMNS
@ Need to explain

neutrino physics talks by Zahra, Sudip, Anjan, Alakabha, Anil,...
anomalies in particle physics
dark matter talks by Mauro, Monika, Xiao-Gang, Gopi, Jin,...
0.974 0.224 0.0039 0.829 0.539 0.147
0.218 0.997 0.042 , 0.493 0.584 0.645
0.008 0.039 1019 / cpens 0.262 0.607 0.75 ) pyins
M, ~ 2.16,1270, 172900 MeV Am3; =7.4-107% Am3, gy < 2.5-1077 eV?
mg, ~ 4.67,93,4180 MeV me; ~ 0.511,105.7, 1776.9 MeV

normal ordering
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
requiring careful choice of flavon sector and flavon vevs

all Yukawa couplings: Y € C free
[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]

talks by Monika, We-Fu, Tom, Pierre, Ernest

Ggauge ‘
: g <

Matter fields transform as ¢ — py(9) ¢, 9 € Giraditionat = S3, A, ...
——

rep of g
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
requiring careful choice of flavon sector and flavon vevs

all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]
talks by Monika, We-Fu, Tom, Pierre, Ernest

— some challenges include flavon vev alignment
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]

talks by Monika, We-Fu, Tom, Pierre, Ernest

Modular: Yukawa couplings are modular forms Y = Y (7))
Y(T) = Y(YT) = (T + d)™ py (7)Y (T),

Feruglio (2017)

v €T =8L2,Z),py €Ty

talks by Omar, Rukmani, Xue-Qi, Xiang-Gan
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]
talks by Monika, We-Fu, Tom, Pierre, Ernest

Modular: Yukawa couplings are modular forms Y = Y (7))
Y(T) = Y(YT) = (T + &)™ py (7)Y (T),

Feruglio (2017)

v €T =SL(2,%Z),py €'y

Matter fields transform similarly: ¢ — (¢TI + d)"¢ pg ()¢
|\

automorphy
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]

talks by Monika, We-Fu, Tom, Pierre, Ernest

Modular: Yukawa couplings are modular forms Y = Y (7))
Y(T) = Y(YT) = (T + &)™ py (7)Y (T),

Feruglio (2017)

v €T =SL(2,%Z),py €'y

Matter fields transform similarly: ¢ — (¢T" + d)"¢ py(7)d

= finite modular groups I'y = modular flavor symmetry G.oduiar
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]

talks by Monika, We-Fu, Tom, Pierre, Ernest

Modular: Yukawa couplings are modular forms Y = Y (7))
Y(T) = Y(YT) = (T + &)™ py (7)Y (T),

Feruglio (2017)

v €T =SL(2,%Z),py €'y

Matter fields transform similarly: ¢ — (¢T" + d)"¢ py(7)d

o 'y =2 653,A4,54,A5 for N =2,3,4,5

= |eSS para meterS (despite some Kahler issues [Chen, Ratz, SRS (2019)])
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Bottom-up approaches to solve the flavor puzzle

Traditional: discrete non-Abelian flavor symmetries Gy qgitional l€ad to
models for quarks and leptons with great fits, 613 # 0,...
all Yukawa couplings: Y € C free

[reviews by Ishimori, Kobayashi, Ohki, Okada, Shimizu, Tanimoto (2010); Feruglio, Romanino (2019)]
talks by Monika, We-Fu, Tom, Pierre, Ernest

Modular: Yukawa couplings are modular forms Y = Y (T) Feruglio (2017)
Y(T) = Y(3T) = (cI'+d)" py (Y (T), ~el'=8SL(2,Z),py €T'x

Matter fields transform similarly: ¢ — (¢T" + d)"¢ py(7)d
Tn = S3, Ay, Sy, As  for N =2,3,4,5
= less parameters (despite some Kihler issues [Chen, Ratz, SRS (2019)])
double cover T, = S3, 7", SL(2,4),SL(2,5) for N =2,3,4,5
4-fold cover 'y 2 [96, 67, T's = [768,1085324], 15 = [2304, . . ]
multiple moduli, e.g. Siegel modular groups I'y v = Sp(2g,Z)/Kn
I' /ker (o) with vector-valued modular forms

Liu,Ding(2019); Liu,Yau,Qu,Ding(2020); Ding,Feruglio,Liu(2020); Ding,Liu(2021); Chen,King,Li,Medina,Petcov,Ratz, Titov,...
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Stringy ingredients

particles <— strings

Focus on heterotic strings

closed strings with SUGRA & 10D space-time
— compactify 6D on spaces with shapes and sizes set by moduli

matter fields get all their properties from string features
— all field charges (veps, weights..) are computable

field couplings arise from string interactions
— coupling strengths are determined by CFT
— couplings are modular forms with fixed properties

gauge group: either EgxEg or SO(32) — SM by compactification
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Heterotic Orbifolds
z

X
Dixon, Harvey, Vafa, Witten (1985-86)
Ibdfiez, Nilles, Quevedo (1987)

Font, Ibafiez, Quevedo, Sierra (1990)
Katsuki, Kawamura, Kobayashi, Ohtsubo, Ono, Tanioka (1990)

Kobayashi, Raby, Zhang (2004)

Buchmiiller, Hamaguchi, Lebedev, Ratz (2004-06)

Kobayashi, Nilles, Ploger, Raby, Ratz (2006)

Lebedev, Nilles, Ratz, SRS, Vaudrevange, Wingerter (2006-08)

Miitter, Parr, Vaudrevange + Biermann, Ratz (2018-19)
Baur, Nilles, Trautner, Vaudrevange (2018-19)

SRS, Ratz (2024)
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Warm-up: 2D T?/Z3 orbifolds

* Start with a T2

I

Two moduli: complex structure U <— shape — I'ty = SL(2,Z)v

Kahler modulus 7' <— size — I'r =SL(2,Z)r
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Warm-up: 2D T?/Z3 orbifolds

27ri/3

* Mod out a discrete Z3 symmetry generated by twist ¥z, = e
A

X

€]

Two moduli: complex structure U — (U) = ¢*™/* = Ty — “ 73 "
Kahler modulus T +— size — I'r =1 =SL(2,Z)
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Warm-up: 2D T?/Z3 orbifolds

27ri/3

* Mod out a discrete Z3 symmetry generated by twist ¥z, = e
A

X

€]

Two moduli: complex structure U — (U) = ¢*™/* = Ty — “ 73 "
Kahler modulus T +— size — I'r =1 =SL(2,Z)
Only one SL(2,7Z) left unbroken!
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Warm-up: 2D T?/Z3 orbifolds

* Consider twisted string states localized at singularities of 19%3 sector
Z
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Warm-up: 2D T?/Z3 orbifolds

* Consider twisted string states localized at singularities of 19%3 sector
€2 - mmmm o ; A

12

4 \§
X €1

Strings perceive two kinds of trafos:
® Giodular = associated with SL(2,7Z) — T-dependent (Lauer,Mas Nilles (1959)]

@ Giraditional = associated with localization [kebayashi Nilles, Plsger,Raby,Ratz (2006)]
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Warm-up: 2D T?/Z3 orbifolds

* Consider twisted string states localized at singularities of 19%3 sector
€2 - mmmm o ; A

12

4 \§
X €1

Strings perceive two kinds of trafos:
® Giodular = associated with SL(2,7Z) — T-dependent (Lauer,Mas Nilles (1959)]

@ Giraditional = associated with localization [kebayashi Nilles, Plsger,Raby,Ratz (2006)]

Eclectic flavor scheme: Gynoduiar U Giraditional @
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Warm-up: 2D T?/Z3 orbifolds

* Consider twisted string states localized at singularities of 19%3 sector
€2 - mmmm o ; A

12

4 \§
X €1

Strings perceive two kinds of trafos:
® Giodular = associated with SL(2,7Z) — T-dependent (Lauer,Mas Nilles (1959)]

@ Giraditional = associated with localization [kebayashi Nilles, Plsger,Raby,Ratz (2006)]
Eclectic flavor scheme: Gynoduiar U Giraditional @
In T2/Z3: T'UA(54) = [658, 533
[Baur, Nilles, Trautner, Vaudrevange (2019); Nilles, SRS, Vaudrevange (2020)]
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Toroidal heterotic orbifolds

X XX

2t 2t 4Nt 22~ 22 4 22 2223408

M*? x T6
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Toroidal heterotic orbifolds

M4 X T6/Z2 X Zg <— Abelian heterotic orbifold

:

%01, a1 $(0.0) 1,1

/ S(1,1)

X X
/ 0,1) \\ *.0)

%600 (1,0

- 0,
zlwﬁ%z LapY 22~0Z222+)\2 %§N19Z323+)\3
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Toroidal heterotic orbifolds

M* x T6/Zy x Z3 = M* x R6/S  with S: space group

%, 17 )

240 1@(1 n
~ Uz,

Salil Ramos-Sanchez (IF, UNAM)

0,0y
D(1,1)
b0.1)

b(1,0)

22~ Dz 2 2422

The flavor of a string

d(1,1)

(u

ZN

9(1,0)
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Toroidal heterotic orbifolds
M* x TC/Zy x 73 = M* x R6/S  with S: space group

0,1) 0,1 9(0,0) a1

\

$01) ~ 7

{
» 4(1,0) b,

/‘ .
y__
P(q0) 19(1,0)
2V~ Dz, T 22~ 792222 + 22 zg ~ 19Z3z3 + 23

Advantages:
o Flat everywhere, but at fixed points
o Matter states: free in M*, but localized at fixed points

@ Fundamental forces from gauge symmetries

Giop — Gap with  Gyp = Ggps possible
In heterotic strings: Giop = Eg x Eg, SO(32),S0(16) x SO(16)

Allows for grand unification schemes at Mgyr < 10'7 GeV

Moduli of compact space controls Yukawa couplings

(Scalar fields/moduli can serve as inflaton or dark matter,...)
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What is an acceptable heterotic orbifold model?

Must inspect all Rﬁ/S with S D Zy or Zn X Zr, such that
e Gauge group Gyp = SU(3). x SU(2)r, x U(1)y X Ghidden

3 families of quarks and leptons

Some (at least two) Higgs fields (with SUSY)

Anomaly free U(1)y

Largest top mass: m; > mg, o, n

Possible exotics are vectorlike, i.e. develop stringy masses

SUSY broken due to hidden-sector dynamics

Many r|ght—ha nded neutrinos [Buchmiiller, Hamaguchi, Lebedev, SRS, Ratz (2007)]
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What is an acceptable heterotic orbifold model?

Must inspect all Rﬁ/S with S D Zy or Zn X Zr, such that
e Gauge group Gyp = SU(3). x SU(2)r, x U(1)y X Ghidden

3 families of quarks and leptons

Some (at least two) Higgs fields (with SUSY)

Anomaly free U(1)y

Largest top mass: m; > mg, o, n

Possible exotics are vectorlike, i.e. develop stringy masses

SUSY broken due to hidden-sector dynamics

Many r|ght—ha nded neutrinos [Buchmiiller, Hamaguchi, Lebedev, SRS, Ratz (2007)]

They DO exist!! @

[Buchmiiller, Hamaguchi, Lebedev, Ratz (2006)]
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What is an acceptable heterotic orbifold model?

Must inspect all Rﬁ/S with S D Zy or Zn X Zr, such that
e Gauge group Gyp = SU(3). x SU(2)r, x U(1)y X Ghidden

3 families of quarks and leptons

Some (at least two) Higgs fields (with SUSY)

Anomaly free U(1)y

Largest top mass: m; > mg, o, n

Possible exotics are vectorlike, i.e. develop stringy masses

SUSY broken due to hidden-sector dynamics

Many r|ght—ha nded neutrinos [Buchmiiller, Hamaguchi, Lebedev, SRS, Ratz (2007)]

They DO exist!! @

[Buchmiiller, Hamaguchi, Lebedev, Ratz (2006)]

One can systematically find them! ©
[Lebedev, Nilles, Raby, SRS, Ratz, Vaudrevanger, Wingerter (2006); Olguin-Trejo, Pérez-Martinez, SRS (2018)]
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Orbif Older App [Nilles, SR-S, Vaudrevange, Wingerter (1110.5229)]

-~

File Edit

The Orbifolder - Mozilla Firefox

View History Bookmarks Tools

4it The Orbifolder

Ll P

<@ [2

B Most visited + @ Getting Started [ElLatest Headlines =

B vanDeGraaff [ ccTUNAM

C++

ORBIFOLDER

orbifolder on-ine

download compiled prompt

download source code

complementary notes

help | abo

javaseript://

at | 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 &

Akin Wingerter
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http://cuerdas.fisica.unam.mx/orbifolder

Viable heterotic orbifolds

121,246 MSS M—Ilke mOde|S: (also > 170, 000 explicit non-SUSY SM-like models, with no chiral exotics)
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Viable heterotic orbifolds

121,246 MSS M—Ilke models: (also > 170, 000 explicit non-SUSY SM-like models, with no chiral exotics)

HE

312

S 1/2)

d

Qo

“@
I
=

€eQe

Si=0

Observed particles

52

=0

“@

Superpartners

+ hidden sector: extra gauge symmetries, SUSY breakdown,

vectorlike/massive exotics

[Lebedev, Nilles, Raby, SR-S, Ratz (2006); Olguin-Trejo, Pérez-Figueroa, Pérez-Martinez, SR-S (2019)]
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Viable heterotic orbifolds

121,246 MSS M—Ilke models: (also > 170, 000 explicit non-SUSY SM-like models, with no chiral exotics)
@®\®, @@

3D - N N

QDD @

312

S 1/2)

Qo

“@
I
=

€eQe

B =0 s=12

“@

Observed particles Superpartners

+ flavor symmetries ©
Large number of MSSM-like models exhibit T?/Z3 ©
with Gtraditional U Gmodular = A(54) ur’

[Olguin-Trejo, Pérez-Martinez, SRS (2018)]
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More on matter fields in T?/7Zs

2

73 .

X €1 X

Define ®,, = (X,Y, Z) with n: a computable modular weight

[Ibdfiez, Liist(1992), Olguin-Trejo,SRS(2017)]

n depends on: twisted sector, winding, momentum in compact space.
o InT?/Zs: n=—23for 95", n=—1/3for 95>
Strings that are (untwisted) not localized, get only n =0, —1

Salil Ramos-Sanchez (IF, UNAM) The flavor of a string 13/25



More on matter fields in T2/Zs

2

73

e X

Define ®,, = (X,Y, Z) with n: a computable modular weight

[Ibdfiez, Liist(1992), Olguin-Trejo,SRS(2017)]

n depends on: twisted sector, winding, momentum in compact space.
o InT?/Zs: n=—23for 95", n=—1/3for 95>
Strings that are (untwisted) not localized, get only n =0, —1

@ The transformations under Goduiar and Girqditional €an be computed
[Lauer,Mas, Nilles (1989)]

g | &1 | Doy | Doy
A(54) 1| 1 35 3,
T’ 1| 1 |21 |2a1

[Baur, Nilles, Trautner, Vaudrevange (2019); Nilles, SRS, Vaudrevange (2020)]
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More symmetries in T?/Z3?

o Always also a ng CP-like trafo: T — —T and X,Y,Z — X,Y ., Z

[Dent(2001); Baur,Nilles, Trautner,Vaudrevange (2019)] also in bottom-up:[Novichkov,Penedo,Petcov, Titov (2019)]

o For the torus to be consistent with ¥z,, (U) =w := ™™/
—  some discrete modular symmetry is unbroken: Zf;” in T2/%3

qr = (—({U) — 1)" = ™, n=0,-1,-2/3 —1/3
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More symmetries in T?/Z3?

o Always also a ng CP-like trafo: T — —T and X,Y,Z — X,Y ., Z

[Dent(2001); Baur,Nilles, Trautner,Vaudrevange (2019)] also in bottom-up:[Novichkov,Penedo,Petcov, Titov (2019)]

@ For the torus to be consistent with ¥y,

(U) =w:=e"h

—  some discrete modular symmetry is unbroken: Zf;” in T2/%3

ar = (V) 1) =,

n=0,-1,-2/3,—1/3

In summary
bulk matter 0 sector 62 sector
T?/Zs

Dy D, Qoyy  Posyy Doy Puayy w
traditional A(54) 1 1 3, 3, 3 3 1/
modular T" 1 1 21 201 el 2'e1 1
modular weight nyz 0 -1 -2/3 -3f3 -1/3 +2/3 -1
R-charge of Z§ 0 3 1 -2 2 5 3

Salil Ramos-Sanchez (IF, UNAM)
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Yukawa couplings in T2/Zs

Yukawa coupling coefficients Y are modular forms

modular eclectic flavor group (1)

forms modular T’ subgroup traditional A(54) subgroup
yim) irrep s‘ ps(S) | ps(T) | ny | irrep r‘ pr(A) | pr(B) | pr(C)
vy 2" | pgr(9) | por(T) | 1 1 1 1 1
v 1 1 4| 1 1 1 1
v v 1 w |4 1 1 1 1
WO s e | mm a1 1 1|

P < Yi(T) ) _ ( —3v2 0 ) < n(31)*/n(T) )
2 Y2(T) 301 n(T/3)"/n(T)

No arbitrary modular weights ny nor representations s! ©
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Superpotential and Kahler in T?/Zs

Restricted Superpotentia| [Baur,Nilles, Trautner,SRS, Vaudrevange (2021-22)]

=W D e[Va(l) (X Xo Xa + Vi Va Vs + Z1 22 Z)

—Yg) (X1 YoZs + X1YsZo+ Xo Y1 Z3
v +Xs Vi Zo+ X2 Ya 2o+ X Y2 21)]

with @, = (X;,V:,Z:)", ceR
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Superpotential and Kahler in T?/Zs

Restricted Superpotentia| [Baur,Nilles, Trautner,SRS, Vaudrevange (2021-22)]

=W D e[Va(l) (X Xo Xa + Vi Va Vs + Z1 22 Z)

_Yig) (X1 Ye Za + X1 Ys Zo 4+ X2 Vi Zs
Y +X3Y1Z2+X2Y3Z1+X3Y221>],

with @, = (X;,V:,Z:)", ceR

X
More interestingly

K = —log(—il +iT)+ Y, [(—iT+iT)‘2/3+(—iT+iT)1/3|Y2(,1,)|2+...] e

+  suppressed corrections with flavon fields

Only canonical terms are allowed
—  predictivity of bottom-up models with I, recovered! ©)

[Chen,SRS,Ratz (2019); Nilles,SRS,Vaudrevange (2004.05200)]
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Superpotential and Kahler in T?/Zs

Restricted Superpotentia| [Baur,Nilles, Trautner,SRS, Vaudrevange (2021-22)]

=W D e[Va(l) (X Xo Xa + Vi Va Vs + Z1 22 Z)

_Yig) (X1 Ye Za + X1 Ys Zo 4+ X2 Vi Zs
Y +X3Y1Z2+X2Y3Z1+X3Y221>],

with @, = (X;,V:,Z:)", ceR

X
More interestingly

K = —log(—il +iT)+ Y, [(—iT+iT)‘2/3+(—iT+iT)1/3|Y2(,1,)|2+...] e

+  suppressed corrections with flavon fields

Only canonical terms are allowed (due to traditional symmetry)
—  predictivity of bottom-up models with I, recovered! ©)

[Chen,SRS,Ratz (2019); Nilles,SRS,Vaudrevange (2004.05200)]
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Lessons from T?/Zs3

@ Common origin of all kinds of flavor symmetries
® Grodular anNd Giraditional @ppear together — eclectic picture with
Gmodular C OUt(Gtraditional)
Also in bottom-up [Nilles,SRS, Vaudrevange (2020); Ding,King,Li,Liu,Lu (2023); Arriaga, Liu, SRS (2023)]
Gmodular 1S @ double cover (e.g. T') — ny € Z
Discrete Zﬁ symmetry
Generalized ZSP CP trafo
Fractional modular weights - only 0, —1 for untwisted matter
K constrained to canonical form by Girqditional

W constrained by all

Flavons are needed ®
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More flavors for T? /Z

Doy fiow

f(:.u fn. ;'1
orbifold ZQ Zg Z4 Zﬁ
Gmodular (S3 X SS) X Z4 T 2D3 53 x T

Gtraditional (DS X DS)/Z2 A(54) (DS X Z4)/Z2 ZG
75, 75 7§ VA 75

Salil Ramos-Sanchez (IF, UNAM)

[Baur,Nilles,SRS, Trautner,Vaudrevange (2024)]
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MSSM with stringy flavor

Flavor in

semi-realistic orbifold models
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Explicit string model T®/Zs3 x 73

o Contains a sector T? /73

12

73
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Explicit string model T®/Zs3 x 73

o Contains a sector T? /73

12

73

® Giraditional = A(54) & Grodular = T = Fg

[Lauer, Mas, Nilles (89-90)]

use only the few representations for quarks and leptons:

quarks and leptons Higgs ficlds flavons

label q i d [ E v H, | Hy Pe Ou ov || A | o0 | 8 | ¢
SU(3). 3 3 3 1 1 1 1 1 1 1 1 1{1{1]1]1
SU@2)L 2 1 fi 2 1 1 2 2 1 1 1 111|111
U(l)y 1/6 —2/3 13 —1/2 Al 0 2 | =12 0 0 0 0Ofo0fO0Of0]|0
A(54) 3, 3, 3, 3, 3, 3, 1 3, 3, 3 (1|1 |1]1]1
T 291 |2¢1 201|201 |21 (21 1 1 291 |2@1|2@1 |1 (1 (1|11
8 1 1 1 i 1 1 0 0 1 i 1 [ U I

n s | =23 | —2s | —25 | -25 | —23 | O 0 =23 | =25 | =23 o0 ]o0]o0]0O

[Baur, Nilles, SRS, Trautner, Vaudrevange (2207.10677)]
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Explicit string model T°/Z3 x Zs

@ write the corresponding action,
o fit the value of the modulus ((T") ~ 3i), and

e compute effective particle interactions (with 20 params)

0 0 (o= (/\1)
Q2)|— 1 =ic —[H(3;2,1)| — (») = (n) — 2T — ) - (/\z) ~{z&<_ L
1 . e=e2T) £

\

@ breake the eclectic flavor symmetry
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Explicit string model T°/Z3 x Zs

@ write the corresponding action,
o fit the value of the modulus ((T") ~ 3i), and

e compute effective particle interactions (with 20 params)

- ( )

Az
i}

@ breake the eclectic flavor symmetry

— e D) - () ~ D - (1) - @<

€= e2milT) £ ()

\.

Results:
10" -
P
10! KamLAND-Zen
102
%
o W2
g = L SR 5
8 6x 107 ‘
103
] 41072
T TR 162 [T L T/ 3x10 Y4x10 T 6x107 102
my [eV] m [eV]
[ |
5 10 5 20
zl
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Explicit string model T°/Z3 x Zs

Results:

parameter
Im (T)
Re(T)
(@ua)

2 (u)
E (G
2 (tu2)
£ (pa)
5 (ea)
{Pu1)
(@2)
A, [eV]
af

a3

E al
£ aof
2 of
S af
g ol
of

of

3195
0.02279
2.0332-107*
1.6481
6.3011-1072

—1.5983

—4.069 - 1075
5.833-1072
1.224.1073

~0.9857
0.05629

—0.94917
0.0016906
0.31472
0.95067
0.0077533
0.30283

~0.96952

—0.20501
0.041643

(@)

best-fit value

observable | model best fit exp. best fit  exp. lo interval
my/me | 0.00193 000193 0.00133 — 0.00253
me/me | 0.00280 000282 0.00270 — 0.00294
5 ma/my | 0.0505 0.0505 0.0443 — 0.0567
] mg/my | 0.0182 0.0182 0.0172 — 0.0192
E 1y [deg] | 13.03 13.03 12.98 - 13.07
& D13 [deg] | 0.200 0.200 0.193 = 0.207
g [deg] | 230 230 2.26 - 2.34
5gp [deg] | 69.2 69.2 66.1— 72.3
me/my | 0.00473 000474 0.00470 — 0.00478
my/m. | 0.0586 0.0586 0.0581 — 0.0590
sin? 612 | 0.303 0.304 0.292 - 0.316
sin?fy3 [ 0.0225 0.0225 0.0218 — 0.0231
sin® By 0.449 0.450 0.434 — 0.469
Stp/m| 128 1.28 114 — 1.48
m/m | 0029 - -
5 m/r | 0994 - -
% Jep | —0.026 —0.026 —0.033 = —0.016
g JE< | 0.0335 0.0336 0.0320 — 0.0341
£ Amg 10 [ov?) | 739 742 7225763
Am3,/107% [eV?] | 2,521 2,510 2.483 — 2.537
my [eV] | 0.0042 <0.037 -
ma [eV] | 0.0095 - -
my [eV] | 0.0504 - -
Simi[eV] | 0.0641 <0.120 -
mgs [eV] | 0.0055 <0.036 -
mg [eV] | 0.0099 <08 -
x*| o011
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Concluding remarks

In summary
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Concluding remarks

e Flavor puzzle: open questions about flavor (number and mixings of
particles)
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fractional modular weights, irreps and weights correlation,...
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Concluding remarks

e Flavor puzzle: open questions about flavor (number and mixings of
particles)

@ String theory: candidate theory for quantum gravity and all other
quantum interactions

@ Toroidal orbifold compactifications of string theory reveal an

eclectic flavor structure

@ Symmetries, representations and charges fixed by the
compactification:
fractional modular weights, irreps and weights correlation,...

@ Consequences for flavor in explicit constructions are studied

@ Perhaps, this leads to a guiding principle for bottom-up too?

@ Interesting predictions on neutrino physics
Caveat: some free parameters, less than the number of predictions
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Concluding remarks

e Flavor puzzle: open questions about flavor (number and mixings of

particles)

@ String theory: candidate theory for quantum gravity and all other

quantum interactions

@ Toroidal orbifold combactifications of strine theorv reveal an

@ Symmetries, represe
compactification:
fractional modular v

e Consequences for fl:

@ Perhaps, this leads 1

@ Interesting predictio
Caveat: some free p

To work on

flavor with T?/Zy & T?/Zg?
Baur, Nilles, SRS, Trautner, Vaudrevange (2024)
CP and CP violation ?
Nilles, Ratz, Trautner, Vaudrevange (2018)
bottom-up understanding of these fetures?
all of us?
dynamic moduli stabilization & de Sitter 7
e.g. Knapp-Pérez, Liu, Nilles, SRS, Ratz (2023)
more pheno & COSMO in these models ?
should we join forces?

already testable predictions 7
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You wanna discuss top-down?

| \_\\1 i/ e
TRAFFIC oLe = LHC = S’AUL I
Mo e g, €= 70N RAMOS-SANCHE

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