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Modular group(s)

Modular group I' ~ PSL(2,7)
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Modular group(s)
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Modular group(s)

Modular group I' ~ PSL(2,7)

_ atr+ b
Z =Imz7>0 Fz{y: VT = , a,b,c,de 7, ad—bczl}
ct+d
Generators S and T S2=(ST)Y =1
1
S=<_Ol (1)> T = <(1) i) T—S>—? T—T>T+1

Infinite normal subgroups of SL(2,Z7), N=2,3,4, ...:

_ a b a b\ (1 0
F(N)-{(C d)ESL(Z,Z), <C d>_<0 1> (InOdN)}

Principal congruence subgroups of the modular group:
I'2)=rQR)/{1,-1} I(N)=IT'(N), N>2
Finite modular groups: 'y =T/T'(N)
[ ~S; [y~ A, I'y~S, ['s >~ As
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Modular forms

Holomorphic functions transforming under I'(NV)

F(re) = (cv+d)" f@), yeTW)
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Modular forms

Holomorphic functions transforming under I'(NV)
welght (non-negative, even)

f(yr)z(cr+d f(7), yer@
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Modular forms

Holomorphic functions transforming under I'(NV)
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Modular forms of weight k and level N
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Modular forms

Holomorphic functions transforming under I'(NV)
welght (non-negative, even)

f(yr)=(67+d f(7), }/EF@

level (natural)

Modular forms of weight k and level N

form a linear space of finite dimension 1i0i3i4
135 7
150913

There exists a basis in this space s.t. 1.11:21:31

fi(yz) = (cr+d) p (v),f@. veT

p is a unitary representation of 'y
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Modular forms

Holomorphic functions transforming under I'(NV)
welght (non-negative, even)

f(yr)=(67+d f(7), }/EF@

level (natural)

Modular forms of weight k and level N

form a linear space of finite dimension 1 2. 8 4
135 7
15913

There exists a basis in this space s.t. 1.11:21:31

fi(yz) = (cr+d) p (v),f@. veT

p is a unitary representation of 'y

Modular forms of weight k > 2 can be constructed from
homogeneous polynomials in the modular forms of weight 2

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019



Modular forms of weight 2
LevelN=2 (I, ~S;: $*=(ST)’=T"=1)
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Modular forms of weight 2

LevelN=2 (I, ~S;: $*=(ST)’=T"=1)

1.2 3 4

Seed functions: n <—>, N ( >, n (21-) Kobayashi, Tanaka, Tatsuishi,

1803.10391
(following Feruglio for N = 3,
1706.08749)

2

n(t) = q1/24H (1-¢") ., gq=e*™, isthe Dedekind eta function
n=1
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Modular forms of weight 2

LevelN=2 (I, ~S;: $*=(ST)’=T"=1)
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S /\(up to multiplicative factors)
T Q T+ 1

Seed functions: n <—>, N ( >, n (21-) Kobayashi, Tanaka, Tatsuishi,
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1803.10391
T \/ O (following Feruglio for N = 3,

1706.08749)

n(t) = q1/24H (1-¢") ., gq=e*™, isthe Dedekind eta function
n=1
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Modular forms of weight 2
LevelN=2 (I, ~S;: $*=(ST)’=T"=1)

1:2:3i4
S d 2 Kobayashi, Tanaka, Tatsuishi
— _ obayasni, lanaka, larsuisni,
Y(aj,ay,a3|7) = Z d; ar logn(7), Z a; =0 1803.10391
i=1 =1 (following Feruglio for N = 3,

1706.08749)
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Modular forms of weight 2
LevelN=2 (I, ~S;: $*=(ST)’=T"=1)
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Modular forms of weight 2
LevelN=2 (I, ~S;: $*=(ST)’=T"=1)

1:2:3: 4
S d 2 Kobayashi, Tanaka, Tatsuishi
— _ obayasni, lanaka, larsuisni,
Y(aj,ay,a3|7) = Z d; ar log 7(7) , Z a; =0 1803.10391
i=1 =1 (following Feruglio for N = 3,

1706.08749)
Y,(=1/7) =12 p(S) Y, (7) Y,(z+1)=p((T) Y, (1)

)
1]-1 3

p8) = v3 =y °)
\/§ 1)

V() = <Y1(T)> _ Y(1,1, - 2|7)
27 \nw) ~° Y(\/3, —1/3,0]7)

S, doublet of weight 2 modular forms
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Modular forms of weight 2
Level N=3 ([3~A,: S*=(ST)°’ =1 =1)
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Modular forms of weight 2
Level N=3 ([3~A,: S*=(ST)°’ =1 =1)
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S / (up to multiplicative factors)
m Feruglio,
n < 3 > ( > < > n(37) 1706.08749
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Modular forms of weight 2
Level N=3 ([3~A,: S*=(ST)°’ =1 =1)

1.8 5 7

S / (up to multiplicative factors)
m Feruglio,
n < 3 > < > < > n(37) 1706.08749

! W O

A, triplet of weight 2 modular forms
LevelN=4 ([,~S,: S*=(Ty =T"=1)

1 5 9 13

Penedo, Petcoy,

S 1806.11040
) o 5 () 7)) ()

nl|{t+— n@dr), n

2 4 4 ) 4
TQ Q W\/
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Modular forms of weight 2
Level N=3 (I3~A,: $*=ST)Y=1"=1)

1.8 5 7

S / (up to multiplicative factors)
l/f_l_—l\ Feruglio,
n ( 3 ) < > < ) n(37) 1706.08749

p NN TG

A, triplet of weight 2 modular forms
LevelN=4 ([,~S,: S*=(Ty =T"=1)

1 5 9 13

Penedo, Petcov,

5 1806.11040
) o 5 () 7)) ()

nl|{t+— n@dr), n

OO N

S, doublet and triplet (3’) of weight 2 modular forms

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 /



Modular forms of weight 2
Level N=5 ([5~A5: S*=(ST)’=1°=1)
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Modular forms of weight 2

Level N=5 ([5~A5: S*=(ST)’=1°=1)

111 21 31

o0 2(3) o) (52 o) (59
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Modular forms of weight 2
Level N=5 ([5~A5: S*=(ST)’=1°=1)

i) 5 X Fe v

N
T K
(up to multiplicative factors)

11121 31
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Modular forms of weight 2
Level N=5 ([5~A5: S*=(ST)’=1°=1)

\_/ /
K (up to multiplicative factors)

11121 31
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Modular forms of weight 2

6 6

d
X(al,...,a6|r)52aialogr]i(f), Zai=0

=1 =1
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Modular forms of weight 2

6 6
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=1 =1
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X4(o) XO,1,8%, ¢4 6,83 7)

A, X(0,1.,2,83,¢4 7)
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Modular forms of weight 2

6 d 6
X(al,...,a6|r)52aialogr]i(f), Zai=0
=1 =1
X (2) —%X (—5,1,1,1,1,1 | 7)
X(7) X(0,1,64,63,¢%.¢|7) |
XS(T) — X3(T) = X(O,:_,é:3, C, 54, C2 T) é: — 62]”/5
X4(o) XO,1,8%, ¢4 6,83 7)
X5, X(0,1.,2,83,¢4 7)

As quintet of weight 2 modular forms
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Modular forms of weight 2

6 6

d
X(al,...,a6|r)52aid—logr]i(f), Zai=0
=1 T =1
1
X, (2) —%X (-5,1,1,1,1,1| 7)
9 X(0,1,¢4, 83, 8%.¢|7)

X5(0) = | X;(0)
X4(T )
XS(T) )

Il
o

X(0,1.8%¢.¢5 o |
X(0,1,$%,¢% 4,87 )
X(()?j"C’ C29 C39 €4 T)

As quintet of weight 2 modular forms

11=5+3+73 Franc, Mason, 1503.05519

How to construct the triplets?

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019



Jacobi theta function

Jacobi theta function:

o0

05(z,7) = 2 exp (ﬂinzf + 27zinz)

Arsenii Titov (IPPP, Durham)

n=—oo

FLASY 2019, Hefei, 26 July 2019
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Jacobi theta function

Jacobi theta function:

0;(z,7) = 2 exp (ﬂinzf + 27zinz)

n=—oo

Useful properties: Kharchev, Zabrodin, 1502.04603

0,z + 1,7) = 05(z,7), O3z +17,7) = e "EH0,(2, 7)
0,z + 1/2,7) = 0y(z,7), O5(z+ ©/2,7) = e 7"tV (2,7)

0z, 7+ 1) =0,(z,7), O3z/t, — 1/7) = \/—ite™"0,(z, 7)

d,, 6, and 0, are auxiliary theta functions

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 10



Jacobi theta function

Jacobi theta function:

0;(z,7) = 2 exp (ﬂinzl' + 27zinz)

Useful properties:

0,z + 1,7) = 05(z,7), O3z +17,7) = e "EH0,(2, 7)
0,z + 1/2,7) = 0y(z,7), O5(z+ ©/2,7) = e 7"tV (2,7)

0z, 7+ 1) =0,(z,7), O3z/t, — 1/7) = \/—ite™"0,(z, 7)

d,, 6, and 0, are auxiliary theta functions

Alternative construction invoking Klein forms has been worked out in

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 10



12 seed functions

+ 1 37+ 1
a; (1) = (93<T ,5T> a, (1) = e2m/593< i ,57>
T+9 7 T+7 1
0 = 93( 10 ’§> "20l0) = 63( 10 ’§>
T 7+ 1 74+8 7+ 1
_ 7+1 742 _ T4+9 742
a;,(7) = 05 10 ' 5 a, (1) = 0, TR
@ T+2 743 ) T 7+3
a1 :(7T) = , Ay 2\T) = ,
13 S\ 10 75 2 '\ 10" 5
t+3 7+4 t+1 7+4
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12 seed functions

+ 1 3+ 1
a; (1) = (93<T ,5T> a, (1) = e2m/593< i ,57>
T+9 71 T+7 7T
a; o(7) = 93( 10 ,§> a, o(7) = (93< 10 ,§>
T 7+ 1 74+8 7+ 1
=0 , = 0 ,
a; 1(7) 3<10 5 > a 1(7) 3< 5 : >
_ 7+1 74+2 _ T+9 7+2
a;,(7) = 05 10 ' 5 a, (1) = 0, TR
t+2 743 T 7+3
%3(1) = 3< 10 5 > %3(7) EQ3<10’ 5 )
T+3 744 t+1 744
ay 4(7) = 93( 0 3 ) ) 4(7) = 93( 0 3 )
Q21 @2,2 @12 11

T—» S -7
I e S S SR SR
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Modular forms of weight 2

d
Y(Cp 1y ooy Cla3Co_1soaer Crg | T) = E c; —loga; (1), E ¢;i=0
’ ’ ’ ’ 5] dT o] 2J
i,j i,
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Modular forms of weight 2

d

Y(Cl,—l’ coes C1,4; C2,_1, cees C2’4 | T) = Z Ci’ja log ai,j(T) . Z Ci,j =0
L] L]

( A
(Y,(2) —%Y(—s,l,l,l,l,l; - 5,1,1,1,1,1|7)
OV | vo1.6463,¢2 001,648,822 0)
Y@= [BO1T=1 vo10, 00425 01.8,¢.04.8210)
YO w02 et 00.6204,6.8 o)

50, | Y(0,1,8,8%,8,8%5 0,15, 85,8, o)
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Modular forms of weight 2

d
Y(Cl,—l’ coes C1,4; C2,_1, oo C2’4 | T) — Z Ci’ja log ai,j(T) , Z Ci,j e

Y, 5(7) =

(Y(2))
Y3(7) = | ¥5(7)

J5(0)

Arsenii Titov (IPPP, Durham)

Y(0917C4, 4’3a 52,5; Oa - 1’ — C4a — 539 - 2:2’ — Z: | T)
\ Y(0717C’42’C3’C4; Oa_l’_Ca_Cz’_C3’_C4|T) )

i,j L,J
(1 . )
@) [-FY (SLLLLL=SLLLLI)
Y)(7) Y(0,1,6% 83,65 ¢ 0,1,6%, 83,84 ¢ | 0)
BOV=] o860, 250080042 0)
?E? Y(0,1,6%,¢%¢,8°; 0,1,8%,¢%,¢,8 | )
A v0.18. 2. 8.0 01,0 2.8, D
( )
%y(_ﬁ, ~1= 1= 1= L= V5 LLLLI )
2

FLASY 2019, Hefei, 26 July 2019
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Modular forms of weight 2

d
Y(Cp 1y ooy Cla3Co_1soaer Crg | T) = Zci —loga; (1), Zci =0
’ ’ ’ ’ ,]dT o] 2J
i,j i,
(

1 L \
(Y,(0) —%Y(—S,l,l,l,l,l, 511,1,1,1]7)

Y(2) Y(0,1,64,83,8%,85 01,64, 83,82, ¢ | 0)
Ys(2) = | ¥3(2) Y(0,1,83,¢,¢4,¢%; 0,1,83,¢,¢4 2 | 0)

;4('”) Y(0,1,6%¢% 4,875 01,6284 6,8 | o)
\ 5(7)) \ Y(O,l,c, 52’ 53,54; O,l,é;, 52’ C3, 2:4 | T) )
Y, (0) (%y<_\/§, —1L—1,-1,—1,—- ;511,111 |T)\
Y3(7) = 11;7(7) = v01.483.26.0, =1, =% =3, -2~ ¢|7)
J5(0) | Y(0,1.£,8%8.840, -1, -4, - -8, - o)
(Yg(T)\ ($Y<\/§,—1,—1,_1a_1’_1;_\/3’1’1’1’1’1|T>\
Y3’(T)= 510(7’-) = Y(O,l,é3,C,C4,C2; O,_ 1’_C3,—C,—C4,—CZ|T)
i) oo - -2 - -a-2lo
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Modular forms of weight 2

d
Y(Cp 1y ooy Cla3Co_1soaer Crg | T) = Zci —loga; (1), Zci =0
’ ’ ’ ’ ,]dT o] 2J
i,j i,
(

1 L )
(Y,(0) —%Y(—S,l,l,l,l,l, 511,1,1,1]7)

Y(2) Y(0,1,64,83,8%,85 01,64, 83,82, ¢ | 0)
Ys(2) = | ¥3(2) Y(0,1,83,¢,¢4,¢%; 0,1,83,¢,¢4 2 | 0)

;4('”) Y(0,1,6%,¢4,8,8%5 0,165,048, 8 | o)
\ 5(7)) \ Y(O,l,c, Z:Z’ 53,54; O,l,z_:, 52’ 4'3’ 2:4 | T) )
Y, (0) (%y<_\/§, —1,—-1,-1,-1,- 1;4/5,1,1,1,1,1 |T)\
Y3(7) = 11;7(7) = v01.483.26.0, =1, =% =3, -2~ ¢|7)
J5(0) | Y(0,1.£,8%8.840, -1, -4, - -8, - o)
(Yg(T)\ ($Y<\/§, -1,-1,-1,—-1,-1; —\/3,1,1,1,1,1 |T>\
Y3’(T)= 510(7’-) = Y(O,l,C3,C,C4,C2; O,_ 1’_C3,—C,—C4,—CZ|T)
i) oo - -2 - -a-2lo

As quintet and triplets of weight 2 modular forms

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019
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Modular forms of higher weight

Weight 4: VY, 66 combinations - 45 constraints

= 21 independent combinations 111 21 31

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 13



Modular forms of higher weight

Weight 4: VY, 66 combinations - 45 constraints

= 21 independent combinations 11121 31
4 y2 \
V7= Yi 42X, + 2h)s (V2 Y2 +4/2V,Y, — 22 VY-
( \
—2Y, Y +/3 Y5V, +4/3 V.Y, V3 Y7 -24/2Y,Y,
YW= | \BrY,+1Y,—1/6YY, r{h= V2 Y, Y+ 24/3 Y, Y,
| V3YY -6y + VY 2/3Y,Y;+4/2Y,Y,
2
V3V Y, + VoY + 1Y) \ V3Yi-2v21y;,
4) _
Ys(')_ Y3Y6_\/§Y2Y7_\/§Y4Y8 ( \
RATRRVAI ARV AN V3 Y5t =3 Dy
(2Y2 \/EYY YY\ _Y2Y6_\/§Y1Y7_\/§Y3Y8
it 112 — 1315 4) _
oy2 \/EYY vy Ys(,z)_ —2YY -2 1,
+ —
y®W= 1" SR 2Y, Y, + /2 YsYq

2Y2 - Y, Y, +1/6 Y,Y,
275 - Y, +4/6 VY5,

| VY + V2, Y+4/3 YY)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 13



Modular forms of higher weight
Weight 4: VY, 66 combinations - 45 constraints

= 21 independent combinations 11121 31
4 y2 \
V7= Yi 42X, + 2h)s (V2 Y2 +4/2V,Y, — 22 VY-
( \
—2Y, Y +/3 Y5V, +4/3 V.Y, V3 Y7 -24/2Y,Y,
YW= | \BrY,+1Y,—1/6YY, r{h= V2 Y, Y+ 24/3 Y, Y,
| V3YY -6y + VY 2/3Y,Y;+4/2Y,Y,
2
V3V Y, + VoY + 1Y) \ V3Yi-2v21y;,
4) _
Ys(')_ Y3Y6_\/§Y2Y7_\/§Y4Y8 ( \
RATRRVAI ARV AN V3 Y5t =3 Dy
(2Y2 \/EYY YY\ _Y2Y6_\/§Y1Y7_\/§Y3Y8
it 112 — 1315 4) _
oy2 \/EYY vy Ys(,z)_ —2YY -2 1,
+ —
y®W= 1" SR 2Y, Y, + /2 YsYq

2Y2 - Y, Y, +1/6 Y,Y,
275 - Y, +4/6 VY5,

| VY + V2, Y+4/3 YY)

Modular form multiplets of weights 6, 8 and 10 have been derived In
Novichkov, Penedo, Petcov, AT, 1812.02158

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 13



Examples of modular A5 models

Weinberg operator

w>< (LH,LH,Y)
A 1

Diagonal charged leptons assumed (more on that later)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019

14



Examples of modular A5 models

Weinberg operator

w>< (LH,LH,Y)
A 1

Diagonal charged leptons assumed (more on that later)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019

14



Examples of modular A5 models

Weinberg operator

w>< (LH,LH,Y)
A 1

Diagonal charged leptons assumed (more on that later)

3(3) 1 ry
2V2g 1 0O
M,=—={0 0 1 )= degenerate neutrino masses
A No 1o

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019
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Examples of modular A5 models
ky =2 (1 EBXSGBS) Qry = ry=3 (LLY:); = ...

2Y,(7) \/_Y 3Y54)(7) —\/_Y 3Yy3)(7)
30(7) \/_ 3Y. 5(4)(7) \/_ oY 4(2)(’5) —Y,(7)
\/_Y2(3)(T) —Y,(7) \/6Y3(5)(T)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019
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Examples of modular A5 models

ky =2

(1@\(9695)@1‘1/ = ry,=5

(LLYS); = ...

) 2Y,(7) _\/§Y 5@)(7) _\/§Y 23)(7)
MSO(T) = Vj\g —\/§Y5(4)(T) \/6Y4(2)(T) —Y(7)
~V3ha(® Y@ V6Yys5(0)
r, =3  (7)=0.48 +0.873i

ml — 0.020 eV, mz — 0022 eV, m3 — 0.054 eV,
SiIl2 913 — 0166,

sin @,, = 0.325,
o= 1.50r,

Arsenii Titov (IPPP, Durham)

1.5

Im 7

S11N 623 — 0421, ?

a31 — 19571' .l

0070 =05 00 05 1.0

RéT

FLASY 2019, Hefei, 26 July 2019 15



Examples of modular A5 models

ky =4 (1@\3@@5)®ry:~ryz1,5

+ g (LH LH Y5(41)> + g5 <LH LH,Y)
1

wo—l, <LH LH Y<4>)
A 1 u u1 1

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019
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Examples of modular A5 models

(1@\3@@5)@1‘1/ > r,=1,5

+ g (LHMLHM ng?)l + g <LHMLHM ng‘g)l}

wo—{, <LH LH Y<4>)
A 1 u u1 1

2
MS’ _ 2Vug1
A

( \
3 V3 V3 3
+& 32 1 2
81 * >Yi _\/8Y1Y2 Y2Y5—5(Y1 + Y3Y,)
3
\ * * ~Y3 —1/6Y,Y; )
( 1 1 )
83 * —LYY—\/EYY—YY l(YY—YY)
+— NG 216 > L1ty — I3lg Sty = Ishy

81

Arsenii Titov (IPPP, Durham)

1 00
(Y +2Y,Y,+2Y,Y5)[ 0 0 1

010

*

1 3

FLASY 2019, Hefei, 26 July 2019
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Examples of modular A5 models

(1@\3@@5)@1‘1/ > r,=1,5

+ g (LHMLHM ng?)l + g <LHMLHM ng‘g)l}

wo—{, (LH LH Y<4>)
A 1 u u1 1

, _
MS’ _ 2Vug1
A

1 00
(Y12+2Y3Y4+2Y2Y5)<0 0 1) [ real parameters

010

( \
3 V3 V3 3
+& 32 1 2
81 * >Yi _\/8Y1Y2 Y2Y5—5(Y1 + Y3Y,)
3
\ * * ~Y3 —1/6Y,Y; )
( 1 1 )
83 * —LYY—\/EYY—YY l(YY—YY)
+— NG 216 > L1ty — I3lg Sty = Ishy

81

Arsenii Titov (IPPP, Durham)

*

1 3

FLASY 2019, Hefei, 26 July 2019
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Examples of modular A5 models

Let (z) =i = Z residual symmetry preserved
2

5 real parameters: 2v; g,/A, Re (g,/g;), Im (g,/g,), Re (g3/g,) and Im (g5/g,)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 17



Examples of modular A5 models

Let (7) =i = Zg residual symmetry preserved

5 real parameters: 2v; g,/A, Re (g,/g;), Im (g,/g,), Re (g3/g,) and Im (g5/g,)

2v2g//A ~0.0051 eV, g,/g; =—0.2205—0.1576i, gi/g; = 0.0246 —0.0421

ml —_ 0042 eV, m2 —_ 0.043 eV, m3 —_ 0065 eV,
2..m=0.149ev, [(m)|=0.042evV,

sin?6,, = 0.282, sin?6;; = 0.0214, sin?6,; = 0.550,
5 —_ 132 TT, a21 —_ 198 7T, a31 —_ 093 T

No =1.7

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 17



Examples of modular A5 models

Let (1) =i = Zg residual symmetry preserved

5 real parameters: 2v; g,/A, Re (g,/g;), Im (g,/g,), Re (g3/g,) and Im (g5/g,)

0.0275 I
’ 1.4F

0.0250 : :

[ ] 1.2k
0.0225 / | '
0.0200| ] :

0.6

sin2 0,5
WA
—_

(@)

0.0175|

0.281 0.282 0.283 0.284
sin2 012

20 30

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 17



Examples of modular A5 models

Diagonal charged leptons

2 Second modulus: <Tl> =00 = ZST residual symmetry

WS a (ECLHle(‘”) +a <ECLHdY(4))1 +a (ECLHdYS(i))

; 30 .
________ 2 2.9 4
33) 3@) 1 1
2 2 2
, a a, o a, o
MM = v’ aidiag 1+22], [1-==-2], [1+=2-=
aj a @ a  a

v, ~ 660 MeV, a,/a; =1.34 and 1+ 2a3/a; = —7.7x 107"
to fit the charged lepton masses

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019



Examples of modular A5 models

Diagonal charged leptons

2 Flavons: <¢i> = ZsT residual symmetry
WD X (ECLHd§01>1 T (ECLHd¢3O)1 T (ECLHd(p5>1

—kp. — k; > 0 = couplings to modular forms are forbidden

k(p=kEc+kL<O

(@) =vis {p30) = (1,0.0)"  and (gs) = (v;,0,0,0,0)"

= The same charged lepton mass matrix, since

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 19



Examples of modular A5 models

Diagonal charged leptons

? Flavons: (@;) = ZsT residual symmetry
WD ay (E°LHypy) | + o (E°LHyps0) | + a3 (E°LH5)
—kp. — k; > 0 = couplings to modular forms are forbidden

k(p=kEc+kL<O

(@) =vis {p30) = (1,0.0)"  and (gs) = (v;,0,0,0,0)"

= The same charged lepton mass matrix, since

(1)

2 /1 2 /1 210
y 7 o) yw __2Z (o) yw __avem [l
3 (1)=ic0 7/ 15 0 3 (1)=ioc0 \/g 0 >.1 (1)y=ic0 3 0

\0)
Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019 19



Conclusions

Arsenii Titov (IPPP, Durham)

FLASY 2019, Hefei, 26 July 2019
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Conclusions

2 11 modular forms of weight 2 and level 5
(relevant for modular A5) in terms of the Jacobi theta function
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Conclusions

2 11 modular forms of weight 2 and level 5
(relevant for modular A5) in terms of the Jacobi theta function

711=5+3+73
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2 11 modular forms of weight 2 and level 5
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Conclusions

2 11 modular forms of weight 2 and level 5
(relevant for modular A5) in terms of the Jacobi theta function

>11=5+3+3

2 Higher weight modular forms, up to weight 10

2 Example of viable modular A5 flavour model
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Conclusions

2 11 modular forms of weight 2 and level 5
(relevant for modular A5) in terms of the Jacobi theta function

711=5+3+3

2 Higher weight modular forms, up to weight 10

2 Example of viable modular A5 flavour model

2 For more modular A5 models see

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019



Backup

Arsenii Titov (IPPP, Durham)
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Generators of A5

1: pS$)=1  p(T)=1
( \
| L =2 =2 100
3: P(S)=$ —\/5 —@p /¢ p(Ty=10 ¢ 0
o0 ¢
\_\/5 1/§0 _€0)
( )
-1 V2 2 (10 0
1
3 P(S)=$ \/5 —1l/p @ p(T)=10 & 0
0 0 &
\\/5 7 —1/(p) \ &)
(1 g ¢ —1) (0 0 0
1 |1/ =1 1 ¢ 0 ¢ 0 0
4: S)=—— T) =
p()\/g(p L —1 1/g p(T) 00 &S 0
-1 ¢ llp 1 0 0 0 ¢
( \
—1 \/6 \/6 \/6 \/6 (1 00 0O O\
V6 1192 =20 2/p > 0¢ 0 0 0
1
S: P(S)=§ \/8 20 ¢* llp?* 2 p(T)=10 0 20 0
3
\/8 20p llp? @ =20 00 0¢ 04
00 0 0 ¢
V6 @ 2p 29 1ig? ' /
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Some properties of modular forms

Feruglio, 1706.08749
N | g |du(I(N)) | pn | I'n

2 10 k41 6 | S

310 2k + 1 12 | Ay

4 10 4k + 1 24 | Sy

5 10| 10k+1 60 | As

6 |1 12k 72

713 288—2 | 168

k(this presentation) = 2 k(this table)

Arsenii Titov (IPPP, Durham) FLASY 2019, Hefei, 26 July 2019



