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fermion masses and mixing angles require (up ’r
[fermion bilinears]

Ly=—FYOW Lv= A CRIACEY

- 6+6 masses
- 3+3 mixing angles
- 1+3 phases _

: my; =Y v

mvij — WU’U' 2//\



- Flavour Sym

“traditional” Flavour Symmeftries

g€ by Y S o(g)¥

$
0(g)™Yolg) =T

example: Isospin SU(2) in strong interactions

I o O
flavour symmetry o ot U (3)
of the quark

up to anomalies
sector d€ s€ b° Lup ‘



symmetry breaking sector:
. Ty set of dimensionless, gauge invariant
scalar fields, charged under G

[T, stands for (T, )/A: where the scale A; has been set to 1]

ij 2ap TC(T,B-I_"'

. huge number of models: G4 conTinuous/discréTe, global/local,.....
no baseline model in bottom-up approach




usual path:
‘ look for some SB sector

chooseG; W assign f to G multiplets and adjust (,)

the crucia
relegated tc

look for physically ar

ic?
can we reverse the logic: motivated SRIEENS

T € S = moduli space T € § = {lines of *
parametrizes inequivalent vacua passing through the ori
g "4
M T f where scalar fields take their values
g | discrete gauge symmetry:

candidate flavour symmetry

Lir(Y(1),¢") = Lig(Y(1), @) s gauge symn

[y 44 flavour symmetry G
9'=¢(¥) @ action on matter fields
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up to rotations and dilations
fori parametrized by

=¥

M=H = T—— Im(r)>0}
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transformations:

a b
c d

) (0:)

at+b
T — VYT = ‘ —
y cT+d J




B 2(5,0) = Lxin(T,0) + Ly (T, ;Y) | invariant under PSL(2, Z)

at+b
T —YyT =

cT+d

. field transformations:

automorphy factor j(y, T)
f/ﬂ/ﬁ jr1ve
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L(T} 90 ) —_ LKiTl(T) QD ) + LYuk (Ti (p, Y) invariam- nder PSL(Z’ Z)

at+b
T —YyT =

cT+d

. field transformations:

automorphy factor j(¥,T)
/ Jj(r1

Ty Ss | A, | S, | As

The five Platonic selids

[y = PSL(2,Z y)

octahedron dodecahedron icosahedron

" tetrahedron cube
"y AAEEEEEE=



superpotential =

Yukawa interactions kinetic ter ”

Wt @) = ) Vi1, @e® .. ol

n
A\) field-dependent

Yukawa couplings
invariance of w(®) guaranteed by an holomorphic V;

. _ky(n) + kIl + -+ kln =0

. pxpltx ... xph o1



Ve .
(Vu) - (ct+d) () (Vu)
Vr / k Vr ,l

kV = +1 3

Ve

w(t,v) =myvY(t) v+ h.c.

modular form of leve
k=+2and p c3+1+

d(M,(I3)) =3
p=3

hG) —%@) —bHE)
m(@)=m| ~Ys() 2h() V(D)

(1) K@) 2%,




';énsion of linear space M, (F(3)) is (k+1) , k>

3 linearly independent modular forms of level 3 and inimal weight kr = 2

oo [T T () e can be
MO wm v TeED T n(fv)] the C
_=i[r @) () () | -
B(r) = — () T E) Y n(r)=¢/*[(1-q
b @), ), e ()
R T T G2 R =)

. they transform ina triplet 3 of I3
Y(=1/r)=7"p(S)Y(r)  Y(r+1)=p(T)Y(r)

10 0
-1 2 2 B
== 2 -1 2 P(T)—(Ow 0)
”()3(22_1) 0 0 w?
. they generate the whole ring M(I'(3))

1y modular form of level 3 and weight 2k can
nll nomial degree k

i




CP spontaneously broken by (7)

,ali]ic mo

no additional flavons beyond t

- neutrino masses from see-saw
- flavour universal kinetic terms

- charged lepton masses fitted, not predicted

[P. P. Novichkov, <
Titov, 1905.1197

£0.09922

ImT 1.016
i ' —0.02093
4 parameters describe 9 observables ‘ q9/9
v2 g%/A [eV] 0.0135
2 ' 5 9 002081 Ordering NO
KRR 132 my [eV] 0.01211
|[Am?2| [1073 eV?] 2.457 e (6V] s
sin® 015 0.305 2 :
in2 6 0.02136 ms3 [eV] 0.05139
sin- 013 :
sin? fas 0.4862 > mi [eV] 0.07833
[(m)] [eV] 0.01201
o/m +1.641
a1/ +0.3464
N S sy /T +1.254
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-1y % & 1 Re(7)
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previous example

~0.5 0.0
[Novichkov, Penedo, Petav and Titov 1905.11970



beta decay

most of the solutions with NO prefer a nearly degenerate spectrum
m; > 10 meV and |m,,| on the high side of allowed range

m lightest [eV]

DR

i

T‘:Dell'Oro, S. Marcocci and F.



W SL(2,R)

N so2)
W SL(2,7)

_ SL(2,7)
Bl SL2.Zy) = 0

['(N) € SL(2,7)

B (cc+d)*



_lec’ric modular invar

B % =SL2R)/S0() mhp M = Sp2g,R)/
Siegel upper half plo

B SL(2,R) )
M so@ »
Bl 5.2 7) >
 SL(2,7)
Bl SL2Zy) = 70 -
['(N) € SL(2,7)
genus

B (cc+d)* ‘



compactification and orientifold compactifications of Type IT &
established long ago
Hamidi, Vafa 1987 . . 4
Dixon, Friedan, Martinec and Shenker 1987 Yukawa couplmg demved‘; ro

Lauer, Mas and Nilles 1989, 1991 zero mode wave function:

Cremades, Ibanez and Marchesano 2003 . .
Blumenhagen, Cvetic, Langacker and Shiu 2005 as functions with

here: bottom-up approach
modular invariance is postulated, and the most general EFT
level N, weights, representations are unconstrained

key feature: Yukawa couplings are level N modular for!
they are finitely many and can be explicitly built withou
complete theory.

model building and pheno analysis made easier

i

5 . Baur, Nilles, Trautner and Vaudrevange, 1901.03251

can be combined with Nilles, Ramos-Sanchez and Vaudrevange 2001.01736
TD Gppl"OGCh Nilles, Ramos-Sanchez and Vaudrevange 2004.05200

Almumin, Chen, Knapp-Perez, Ramos-Sanchez, Ratz and Shukla,
2102.11286




flavour puzzle as a vacuum problem

Flavour symmetry and representations of matter fiel

Flavour symmeftry is a r'edunddncy of description in
(discrete) gauge symmetry “ moduli space

moduli space as (6/K)/ I"

' flavour (gauge) symmetry is a discrete group of G

Yukawa couplings Y () are modular forms

Open questions:

- model building

- vacuum selection

- flavour dependence of Kahler potential









moduli stabilization

- anthropic selection
- cosmological evolution
- extrema of V(1)

*“fﬁha’r determines the value of 7 ?

. extrema of V(7) at the border of the

fundamental region and along the Im(t) axis ?

[Cvetic, Font, It
Nucl.Phys.B 36
Kobayashi, Shi
Tatsuishi and
Abe, Kobayash
Ishiguro, Kobay

d
i

0.89¢
3/2} .
D
[ ]
(0,0) 0.88F
= . =
= - . . =
= "'m,) (0,7n) d =
(m,0) (m,0)* 087 I
1/2F .
/ 0.86F
_1/2 0 1/2 —0.
Re 7

I | Novichkov, Penedo and Petcov, 2201.02020]

0.




i )‘ det(Im(t)) > 0, tr(Im(r)) > O}
ES ES L H,, H,
-3 -1 ~1 0 0
. 1 3 1 1

M restricted to 7, = 1,
I, ; > S,%xZ, CP

Ty 11/ 2)

T optimizedat T = (Tl/z T,

5 real parameters + 1 complex © 12 obser a,'.

sin® 01, = 0.3036, sin®fy3 = 0.02215, sin®fy3 = 0.5291, Jdcp = 1417
as = 0177, as; = 11371, me/m, = 0.00480, m,/m, = 0.05801,

mq = 10.08 meV ., my =13.26 meV, m3 = 51.26 meV

mpg = 13.40 meV, mgg = 11.26 meV .

Normal Ordering




Tl = Tz = 2T3 =
—0.0283 +i1.1761

o

best fit point of T
close to

2

Im(ry)

-
S

T = L(Z 1) 2/V3 = 1.1547

NERY I |
enhanced symmetry point:
CP & S3x Z;
CP violation

< small departure from T

masses/mixing pattern ~

Orbifolds from Sp(4,Z) and  Nilles, Ramos-Sanchez, Trautner a
their modular symmetries 2105.08078



Example

matter fields

Higgs & leptons




Example

matter fields

Higgs & leptons

symmetry
breaking sector
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driving fields




Example

fields | S, U(1) UQ), | 2V | 2P | 239 | 20 | Z$)
L 3 —-I + 2 1 1 0 0 0 0
g Eg 1 ry — 21 — 23 —1 2 0 2 0 0
% E$ | 1| zy—29—21—223— 24+ 25 —4 | 2l0]|1]|2]1
2 Ef 1 xr — 2.’1,'2 — 21 — 323 — 224 + 225 -7 2 0 0 1 2
< N | 1 —21 0 2 0 0 0 0
Sl Ney |1 —z o lo|2]0]01]o0
= Hy |1 0 0 0 0 0 0 0
H, |1 0 0 0 0 0 0 0
¢‘,g,U 3 1+ T 2 0 0 0 0 0
Psu | 2 21 — 2o+ 23 0 1 2 1 0 0
Ssv | 1 25 0 0 0 0 0 1
2 o1 3 -T2+ 25 -3 0 0 0 0 1
E &r 1 24 0 0 0 0 1 0
= ; 3 23 0 0 0 1 0 0
Sl o |2 Tyt 23+ 24 — 25 3 /00| 1|1 |2
= om |3 xry -1 0 0 0 0 0
‘|3 Ty — 21+ 22 —1 2 1 0 0 0
Eatm | 1 22 0 2 0 0 0 0
&sol 1 222 0 0 2 0 0 0
X3l 3 —2(1,'1 — 2.’1,'2 —4 0 0 0 0 0
X2 2 2.'172 — 225 6 0 0 0 0 1
2| Xu 1 —223 0 0 0 1 0 0
g Xll 1 Tg — 23 — 25 3 0 0 2 0 2
%D )/3 3 —T] — T — 21+ 29 — 23 -2 2 1 2 0 0
= Y R —23— 24 0 0 0 2 2 0
S| Zy |3 -z, — 25 1 0o l0]0]o0]|?2
Z3I 3 —T — 23 1 0 0 2 0 0
Xo 1 0 0 0 0 0 0 0




‘they form the (discrete, infinite) modular group T generat

S:T —l . T:7T—=>17+1 &
duality discrete shift symmetry —T—"
S2=1, (STP=1
h’l | | \\'1
- can be thought of as a gauge symmetry == 1 Re(1)

- with a "gauge choice” 7 can be restricted to a fundamental regi

most general tfransformation on a set of N=1 SUSY

at + b
cT 4+ d
o) — CT-I—dep

T — YT =

[Ferrara, Lust, S

the wcalghV/A unitary representati
a real number of the finite modulc



[Novichkov, Penedo
see also: Baur, Nil,.

T —T"
[up to modular ’rr'ans'

outer automorphism of T S—>S T->T™1

N G o - Yoo |

Xcp = 1 not restrictive if
S and T symmetric matrices
[canonical CP basis]

[in such a basis] ‘ gzk = g;

CP invariance

. CP conserved < 7 imaginary or otherwise CP spontaneously broken
at the border of the fundamental by (z)
region



> 0 even integer

d(My(I'n)) k=2 k=4
I = 53 k/2 +1 1+2
I3 = Ay k+1 3 1+1'+3
[y~ Sy 2k + 1 2+3" | 1+2+3

+ 3’
I's = As 5k + 1 3+3 [1+3+3
+5 +4+5+5
I'g > A(96) } [TTT = T. Kobayas
= = T

l162 A(384) T & F - F. Ferugio 17

built in terms of

Dedekind eta function

Klein forms

Jacobi theta functions

k >0 odd/even integer

PP = J. T. Pened
NPPT = P.P. N

DKL = 6. J. Dit
KT = T. Kobayas

fall in representations of homogeneous finite modular groups Ty

e.g. N=3 and k=1 gives a doublet of I'; = T’
[Ding, Liu 1907.01488]

O




~ Corrections fron

. unknown breaking mechanism. Here:

F-component of a chiral supermultiplet, gauge and modu

X=0%F messenger scale M

SUSY-breaking scale Meysy = —
M

. most general correction term to lepton masses and mixing a
, |

f(®, @) has dimension 3, determined by gauge invar
conservation (treating A as spurion with L=+2)

Mgys Tin . ifS
‘ OW/W ~ Y[y ~ I\L/; - msZSY anc



odel 1 (I0)
- rand sin®9,, mostly affected, at large tanp

A =101 GeV
msysy ~ Quantity tanf =25 tanf =10 tanf =15
r 0.0302 0.0292 0.0288
10* GeV  gin24,, 0.304 0.345 0.418
X2 0.4 12.2 82.0
r 0.0302 0.0294 0.0286
105 GeV  &in24,, 0.303 0.335 0.389
X2 0.4 7.0 477

I Model 2 (NO)

negligible corrections for tanf up to 25 and t




-
B problems

™ vacuum selection
what determines the value of 7 ?

extrema of V(t) at the border of the » —

fundamental region and along the Im(t) axis ?

[Cvetic, Font, Ibanez, Lust and Quevedo, CP—consef'ving
Nucl.Phys.B 361(1991) 194] /

Im(7)

I corrections from kinetic terms
previous models adopt minimal kinetic terms

K(®,®) = —hlog(—it +i7) + » _(—it +i7) *[|p")]?
!

non-minimal kinetic terms ‘ additional parameters
allowed by modular invariance reduce predictability

for instance, in models 1 and 2

7
K = ag (it +i7)" (LL),+ > ax(—it+i7) (YLYL), , +....
k=1



mme'rr'ies ? Eclecti

. less parameters in a more symmetric framework?
which is the most general framework including I'y ?

. . 14 +b 14
look for G including 7 5 yr =222 poCt+d*py) @
new transformations : .
leaving T invariant % @ 0(9) ¢

. consistency condition

p(¥)o(@) p(y™") =0(g")

unification of flavour, CP and
modular symmetries

G..; Shown to restrict the
allowed Kahler potential

[Nilles, Ramos
Vaudr ge




- Top-downq

. Gec; Naturally realized in
orbifold string compactification

. a generalized lattice defines the consistent background

for 2 dimensions compactified on T2: 4-dimensional Narc

- even Lorentzian 612 \/E
- self-dual T = + i
- parametrized by G4, G5, Gy», By 011

complex structure

. if = nEs an orbifold T?/Z; can be defined, specified by a space group
Sy = {06,E N}

. they reproduce the eclectic group G, = (1)
which combines Gr;=A(54) with the finite modular



ard neutrino
#

] - 1 1
L=1 Z foouf + B a0 o — ng‘Pczx

f=eecv

1
— (me + Z5pa)ee — iu(mu+ZZ<pa)V+h.c.+... . . ORe(Ze)ZV

~ e ME(R)

1-5 1 |||||||| el ll I |||||||| I |||||||| I |||||||' I ||||||_|
— —22
M, = 107°°eV
S E - O I S W oS- 10%AmE, (2],
T - N R N intfs ]
E ; - T IR W1 T O IR 71 N T U IR 1 N O U471 NN N O WA U471 B llllll;

0.2 0
1022 107 10" 10" 10 10" 10" 10t 107 108 10° 100 10" 10" 10"

Mu[CV] A[GCV]
A = 5 x 10°GeV ' [modulus VEV]



This setup can be easily extended to the case of N = 1 local supersymmetry where
Kahler potential and superpotential are not independent functions since the theory depends
on the combination

G(P,P) = K(®,P) + logw(®) + logw(P) . (20)

The modular invariance of the theory can be realized in two ways. Either K(®, ®) and
w(P) are separately modular invariant or the transformation of K (®, ®) under the modular
group is compensated by that of w(®). An example of this second possibility is given by

the Kahler potential of eq. (14), with the superpotential w(®) transforming as

w(®) = 0 (er + d)"w (D) (21)

In the expansion (17) the Yukawa couplings Y7, ; (7) should now transform as

Vi1, (97) = e (er + ) W p(y) Yo, 1.(7) (22)

with ky(n) = k;, + .... + k;, — h and the representation p subject to the requirement 2.
When we have k;, + ... + k;, = h, we get ky(n) = 0 and the functions Y7, ; (7) are 7-
independent constants. This occurs for supermultiplets belonging to the untwisted sector

in the orbifold compactification of the heterotic string.




e space Mand guess 1

. HSS are Kahler

. non-compact HSS as moduli space in sugra and compacti

connected Lie group

M =G/K M

compact subgroup
Lie alg

G=VO®A [VVIcV [V,AlcA

automorphism V+AoV-—A
compact B(A,A)<O0
noncompact B(A,A)>0

euclidean B(A,A)=0



M={T=G3 2

fundamental domain M /I: physically inequivale

4 7 N

Re(m1)| < 1/2, |Re(ms)| < 1/2. [Re(m)| < 1/2,

Fa={rewn, | ) =n0n)=2nm) =0

7| >1, |m|>1, |m+mn-—2m+l>1

|| det(7+ &) > 1

{&:} includes the following 15 matrices:
00 41 0 0 0 410
oo/ \o o) \ox1/" \o +1)
+1 0 0 +1 +1 41 0 +1
o 71/ \+1 o) \x1 o) \&1 +1

| [cfr. g=1

Im(7)




An automorphic form for G, is a smooth complex function W(g) that

-

1. is invariant under the action of the discrete group Gy:
V(vg) =V(g), ~v€Gi , (2.19)

2. is K-finite: V(g k), with k varying in K, span a finite dimensional vector space [37].
In all cases of interest discussed in this paper, such a condition is realized through the

relation:
\P(g k) = ](k, 7'0)_1 \I’(g) y k € K, kT() =70 , (220)

which defines the transformation property of W(g) under K. In all such cases the space
obtained by W(g k), varying k in K, is one-dimensional.

3. W(g) is required to be an eigenfunction of the algebra D of invariant differential
operators on (G, that is an eigenfunction of all the Casimir operators of G.

4. The definition is completed by suitable growth conditions [30,37].




the finite Siegel modular groups T, ,, are too big: |I;,| = 720%:}.

‘ choose an invariant subspace of G/K = Sp(4,R)/ -:‘-'
G/K->Q={teG/K|Ht =1} HcT
here the flavour group can be restrict to the normalizer |
[ > N(H)={y € Tly""Hy = H}

for instance T{ = Ty
0=fr = (2 ii)‘ r€G/K} H=7%

working hereT; ,
is projected into the smaller group S,xZ,



~ automorphic

. real periodic functions ‘

. an equivalent description

G continuous translation group gt=t+a |

fG:—i 2 Cosimin: A
generator o . ld_t asimir: A = Y7
G 4is discrete subgroup Z yt=t+ f

- .=. to

. Y(g) =Y(t) P(yg) = Lp(g)

. A qu (9) = Pz LIJp (9) basis elements ¢



classical modular

holomor'phi

. Y(yr) =j(y, DY () H={Imt>0} j
YT = Al Y € Ggis = SL(2,Z) (or one of its
CT normal subgr
j,t) = (ct+d)7* automorphy factor |

candidate G = SL(2, R) generator:
[E,F] = I
gl-:ar-l_b ad —bc =1 [H,E] = +2I
cT+d [H,F] = —2E

mismatch: dim(#) =2 dim(G) = 3

to=i fixed point under K = S0(2) SSLZR) |



define

Y(g) =j(g,70) " Y (g 7o)

Y(yg) =¥(9)

WY(g) is Gy -invariant

W(gk) =j(k, o)™ ¥(9)

holomorphy of Y (T)

»
A¥(g) =k(k —2)¥(g)




define

Y(g) =j(g,70) " Y (g 7o)

U(yg) = ¥(g) W o0 =i

o
i
by

WY(g) is Gy -invariant
W(gk) =k, 19)" L ¥(g) B Y(©)is K-invariant

¥

holomorphy of Y (T) . Y (7) holomorphic

o
A¥(g) =k(k —2)¥(g)




B 6 =5SL2,R)
(Y xy~t (cos@ —sinH)
g= 0 y-1/)\sin@  cos®
y >0

To =1 fixed point under K = SO (2) ki
glo=x+iy=1 K =SL(2,R)/SO(2)

. [ =SL(2,7Z) and T'"(N) are discrete subgr'oups» '-

Physics:
in the limit of vanishing Yukawa couplings, the modulus T is the Goldstone boson
of the breaking G down to K. When Yukawas are turned on, a residual discrete
subroup I' of G is gauged.



Yukawa interactions in 2N=1 global SUSY

[extension

S = jd4xd29w(r,g0) + h.c+]d4xd20d29_K(T, ®,T,P)

superpotential = Kahler poter '
Yukawa interactions kinetic terime

. a minimal Kahler potential y

K = —hlogZ(z,7) +ZZ(r,f)k1 oD’ (E
1

Z(t,D=[* (v, t10)ji(y, te)] " M

in our previous example:
K = —hlogdet(—it + it™) +Z[det(—ir +itH)]k |<,0(’)|2
7

~ h>0
=



B automorphy factor  j(y,7)  j(¥1¥2 ™) = j(r1, V2 1) j(¥2,7)

cocycle conditio

. unitary representation p’ (y) of (a finite copy of)‘ r
finite copy of I' Tfinite = I/ Thorm

where I3, ,+m C I' normal subgroup of finite i

. nonlinear realization of I’ Pr

o = j(y, ) & pl(y) ¥ y €T

weight \ unitary representatio



l in the limit of vanishing Yukawa couplings the theory describes the
P SSBof G = SL(2,R) into K = SO(2)

h B
Lgin(t, @) = [—i(t — D)2 aﬂT 0kt

invariant unde

in the vacuum Tg =1

the subgroup K = SO(2) ki =—
is unbroken

T describes the 2 Goldstone bosons of the br'eak"
H = SL(2,R)/SO(2)
. [ = SL(Z» Z) is a discrete subgroup of G = C

when Yukawas are turned on, a residual discrete subroup I' of G is gauged.

M SL(2,R)/SO(2)

r SL(2,7)




. candidates for M Hermitian.

connected Lie group

M =G/K

compact subgroup
Lie alggbra

G=VO®A [VVIcV [V,AlcA

A

automorphism V+AeV-—A

. HSS are Kdhler

. non-compact HSS as moduli space in sugra and comp:

. related to automorphic forms, building blocks of Yu

. flavour symmetry: a discrete subgroup I' of G



classification of irreducible HHS

M =M, X M,. X M,

" simply connected Lie group
Mirr = G/K
\maximal compact subgroup

for noncompact

compact case reproduced through (V,A) - (V,4

O

[Calabi, Visentini 1960, Wo

Type | Group GG | Compact subgroup K

L.. | Uim,n) U(m) x U(n) mn
II,, | SO*(2m) U(m) sm(m —1)
I, | Sp(2m) U(m) im(m+ 1)
IV,, | SO(m,2) SO(m) x SO(2) m

A Fe,_14 SO(10) x SO(2)

VI E; o FEg x U(1)




classification of irreducible HHS

M =M, X M,. X M,

" simply connected Lie group

My = G/K

\maximal compact subgroup

for noncompact

[Calabi, Visentini 1960, Wo

Type | Group GG | Compact subgroup K

L.. | Uim,n) U(m) x U(n) mn
IL,, | SO*(2m) U(m) sm(m —1)
IIL,, | Sp(2m) U(m) sm(m+1)
IV,, | SO(m,2) SO(m) x SO(2) m

A Fe,_14 SO(10) x SO(2)

VI E; o FEg x U(1)

compact case reproduced through (V,:A) = (V,i A




B G=5p2g,R) K =U(g)

genus

M={t € GL(g,0)|rt = 7, Im(7) > 0} ‘

Siegel upper half plane ~ complex dimension g(g + 1

actionof Gon T

Tyt = (At +B)(Ct+ D) !
V=(é g) vy =] ]=K’

candidate flavour group

' =Sp(2g9,7Z) Siegel modular group



transformation law of matter fields
. automorphy factor

jy,t) = det(Ct + D) y = (

. finite copies of Sp(2g,7Z)

[' /Thorm(M) = [gn finite Siegel mod

\

genus level

Thorm(@).= {y €|y =14, mod n} principal

@) — det(Ct+ D) ¥ p'(y) V)



l S¥Y in

. Yukawa interactions in N=1 global SUSY [extensiont

S = jd4xd20w(r,§0) + h-c+jd4xd29d251<(r, ¢, 7,p)

superpotential = Kahler potentic
Yukawa interactions kinetic terms

il
d

. a minimal Kahler potential

K = —hlogdet(—it +it*) + Z[det(—ir +it )] [p® |2
I

h >0



w(T, @) = z Yi,..1, DD .. o)
p

invariance of w(®) guaranteed by an holomorphic Y L r »
Y. I (vt) =j, 1) kY(p)P(Y) Y. I (T)

. ky(n) + kIl + -+ klp =0

. pxpix .. xp'? 21 ’}

form a linear s
of finite dime




. special case of automorphic forms for G, K, I’

Y(g) =jg,70) " Y (g 7o)

Y(yg) =¥(9)
Y(g) is I'-invariant

W(gk) =j(k, o)™ ¥(9)

W(g) eigenfunction of
(r-Casimir operator

suitable growth condition

M Yoo =ijrr@
. Y(t)is K-invariant

. Y () holomorphic



~ CPinvariance in Sp(2

CP belongs to Out(I')
CPyCP 1 =u(y

‘ T Tep = —T°  uptoIn(l)

" — det(Ct + D) *1 p' (y) o
CP
{50 1,50

Y (yt) = det(Ct + D) py () Y ()
{ Y4 (1) i Y¢(—t*) = 24 X, YP* (1)

X p ) Xt =x() 9 M plu(y))

CP violation as a property of the vacuum

[Novichkov, Penedo, Petcov and Titov [Baur, Kade, |
1905.11970] Vaudrevange



