Operator analysis of magnetized T2 /Zn orbifolds

- Operator analy31s of '
magnetlzed TZ/ZN orblfolds

Yukihiro Fujimoto
(Osaka Univ.)

Collaborating with

Tomo-hiro Abe (Kyoto Univ.), Tatsuo Kobayashi (Hokkaido Univ.),

Takashi Miura (Fujitsu Lab.), Kenji Nishiwaki (HRI),
Makoto Sakamoto (Kobe Univ.)

Yukihiro F ujimotb, i201 4.07.23, ““Strings and Fields 2 @YITP I



Operator analyszs of magnetized T2 /Zn orbifolds

Mysteries of the Standard Model 2"

Yukihiro F ujimotb, i201 4.07.23, ““Strings and Fields 2 @YITP I



Operator analysis of magnetized T2/Z v~ orbifolds

Mysteries of the Standard Model 2"

3 Chiral fermion

What is the origin of the chiral fermion ... ?

Yukihiro F ujimotb, i201 4.07.23, ““Strings and Fields 2 @YITP I



Operator analysis of magnetized T2/Z~ orbifolds

Mysteries of the Standard Model 2"

3 Chiral fermion

What is the origin of the chiral fermion ... ?

J Generations

Who ordered the same packages in this world ... ?

Yukihiro F ujimotb, i201 4.07.23, ““Strings and Fields 2 @YITP I



Operator analysis of magnetized T2 /Z~ orbifolds

‘Mysteries of the Standard Model 2

3 Chiral fermion

What is the origin of the chiral fermion ... ?

d Generations

Who ordered the same packages in this world ... ?

3 Mass hierarchy

Why so different the masses of the fermions are ... ?

Yukihiro F ujimotb, ?01 4.07.23, ““Strings and Fields 2 @YITP I



Operator analysis of magnetized T2 /Z~ orbifolds

‘Mysteries of the Standard Model \2:

3 Chiral fermion

What is the origin of the chiral fermion ... ?

d Generations

Who ordered the same packages in this world ... ?

7 Mass hierarchy

Why so different the masses of the fermions are ... ?

3 Flavor structure

What determine the flavor structure ... ?

Yukihiro F ujimotb, '?01 4.07.23, ““Strings and Fields o @YITP I



Operator analyszs of magnetized TZ |ZN orblfolds :

Purpose -~

Yukihiro F ujimotb, i201 4.07.23, ““Strings and Fields 2 @YITP I



Operator analyszs of magnetized TZ |ZN orblﬁ)lds :

Purpose

We want to solve mysteries of the SM

i £ Chlral fermlon B Generatlons A
& Mass hlerarchy m) FIavor structure

in the context of higher dimensional field
theories.
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the magnetic flux and the eigenvalue of

orbifolds 7;.

Complex coordinate Zero-zmode solution
( “ on 1 ° with a magnetic flux

N -1
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Our result

7 Exact analytic results for

o Thenumb’ér Of' généi'gltions'.' :
~+ Expand coefficient

-etc; .
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from 2d Quantum Mechanics analysis.
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3 Wave-function form ( a,, = 0 basis )

» Hamiltonian H = (—ie — qff(y))z

» Vector potential A N —%ij’ Scherk-Scl‘wvarz phase
» Pseudo-periodic ¢ + it,) = 27 Qia+2micay, )
(@ =1,2) L Basis of the torus
» Magnetic flux quantization
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() =y, p=-iv, Dibj]=ibi;
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3 Operator formalism ( a,, = 0 basis )
b)) =Wy, pF=-iv, Dbl =idi,

Canonical transformation

(1,52 p1, P2} ~ {Y,P,Y, P} ( If, Ii
Y, P

[l
~.

]
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» Hamiltonian (same as the harmonic oscillator)
s 1., o
H = -P° + —Y
2 2
» Constraint condition (BC’s)
e’ ly) = Iy)
T gy = 1)

e
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3 Operator formalism ( a,, = 0 basis )
b)) =Wy, pF=-iv, Dbl =idi,

Canonical transformation

(51,52 p1, P2} » Y, P,Y, P} ([Y,

Y,P] =i
Y,P

y

i)

» Hamiltonian (same as the harmonic oscillator)
1 ., w? .
H=-P>+ —Y

2 2
» Constraint condition (BC’s) - Simultaneously
eiﬁ |¢> — |¢> diagonalizable.

2 MY |y = |y
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2d OM on magnetlzed orblfold

. 2
] ElgenStateS on T ‘—Index for the degeneracy .

( Eigenvalue of the operator Y )

j > jE{O,l,Z,“',lMl—l}
9

"M/ (=9 r)

KK-index ( from Hamiltonian )
n=012---

3 Orbifold - jf’UT Rwy
U ﬁU = a)p
where .
p = [ cosw —sinw
@ - ( sinw  COSwW ) -

P
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» Operator formalism:

7 Expand coefficient
| ~ k
n, L> — Z Cjk n, _>
M T2 k T M T2

We can evaluate the Exact value of this
in operator analysis

Uy

3
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» Operator formalism:

7 Expand coefficient
J - k
n, — — Cir |n, _>
M >T2 ; TJ M [ 1

We can evaluate the Exact value of this
in operator analysis

Uz

3

P Wave-function analysis:

b () = ) Cir ™ @)
k

- Ci = / dzdzZ " (wz)r: ¢ O * (2)r
T2
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» Operator formalism:

7 Expand coefficient
J - k
n, — — Cir |n, _>
M >T2 ; TJ M [ 1

We can evaluate the Exact value of this
in operator analysis

Uz

3

P Wave-function analysis:

b () = ) Cir ™ @)
k

- Ci = / dzdzZ " (wz)r: ¢ O * (2)r
T2
L theta functions ...
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7 Expand coefficient
(e.g.) T2/Z3 orbifold

> Eigenstate of ¥ from Z3-rotated state Uy, [n, L)
M1 M [ -
- k
1, 0)2 0 ) ¥ Uy, n, —
* P M [ -
J = k
UZ3 n, E— — Z Cjk n, I
M TZ k ‘ M T2
| | 2 . k(k+6a) Kk
~ T, 3t«x . +6v . J°
— g Il —
Cjk = et T M TR TN Exact form !
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2d QM on magnetlzed orbifold

7 Physical states

Eigenvalue of Z~ 02rbifold
g =w* w=ev, k=0,1,2---,N—-1)
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7 Physical states
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2d QM on magnetlzed orbifold

7 Physical states

N-1 .
J | g = J
M T?/ZN,n N =0 v M T
M-1
k
= Z Mjk n, M)
k=0 T?

3 # of physical states

(-X¢)

Consistent with the

Rank [ My ]

(PL)
(L)

11 1
w| 0 2 2 i 2 o ™ umerical analysis !!

w| 1 1 1 3
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e = / dzdz P (@2)r: p®* @)
T2
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3 New formula...?
(e.g) T?/Z3 case (T = ei%”)

Cjk =/ dzdzyV (w2)r: "% (2)r>
T2

|
J+a’1

|
Y (2)r = Ne‘“lemﬂ[ L ](MZ,MT)

-~
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(e.g) T?/Z3 case (T = eizT”)

Cjk =/ dzdzyV (w2)r: "% (2)r>
T? |

| J+a1

e = e o | 5 | (e
N

|

2 .
0 ](v,r) Z irm(a+1)*t+2ri(a+l)(v+b)

le
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2d QM on magnetlzed orbifold

3 New formula...?
(e.g) T?/Z3 case (T = ei%”)

Cjk =/ dzdzyV (w2)r: "% (2)r>
T? |

| J+a1
lﬁ(’)(Z)Tz = Ne”erImT J [ M ] (MZ, MT)
| e
| |

2 .
[ ] Vv, T) = Z irm(a+1)*t+2mi(a+l)(v+b)

le

Operator formalism said

1 : 2 . k(k+6a) . jk
TT 8% 04 J
e 'ty Tt %7 +2mL S

VM (@ = a; = a3)
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