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Introduction

= New physics beyond the SM
= Supersymmetry : Higgs mass, DM, UV completion, ...

= Extra dimensional space : origin of the flavor structure

\ 4

Ten-dimensional supersymmetric Yang-Mills theories

= 4D chiral spectra : Magnetic fluxes and Orbifolding
= Many SM-like models based on magnetized orbifolds

(Abe, Choi, Kobayashi, Ohki ‘09; Abe, Fujimoto, Kobayashi, Miura, Nishiwaki, Sakamoto, Tatsuta’15)
= Hidden sector based on magnetized orbifolds

= Supersymmetry breaking, Moduli stabilization,...



Superfield description of 10D SYM theories on

5= [av=a [_41?@ (YN Fyy) + 5ot (AT D)

compactified on M* x T? x T* x T*?

10D Coordinates Xy, = (xy, 21, 23, Z3)
10D Vector Field Ay = (Ay, @1, 92, 93)
1OD SpinOI‘ F|6Id /1 - (/10, /11, /12,13)

= 4D N=1 supersymmetric decomposition

_ _ _ 1
4D N=1 vector mu|tip|et V = —90“91‘1“ -+ 1999)\0 — 7/999)\0 + 5099(9D
4D N=1 chiral multiplets . = %% + 20\, + 00F;

N. Marcus, A. Sagnotti and W. Siegel '83
N. Arkani-Hamed, T. Gregoire and J. Wacker ’02



Abelian magnetic fluxes on T? x T? x T?

= Gauge symmetry breaking : U(N) - U(N,) X U(Np)
Mi‘1y, 0 I K Ay __
inzi = ( 0 Mible> ; (qﬁ?a Qﬁgb (Na' Ny )

= Generations of chiral fermions [C. Bachas "95]

Given a non-vanishing value for M** = M* — M?,
(97", ¢7%) have (|M{"|,0) or (0, |[M{"|) zero-modes

= Gaussian zero- mode wavefunctions : hierarchical Yukawa couplings

YIJK = dy (_)I Mab @JMb @I M.,

ANO(U m oue

[D. Cremades, L. E. Ibanez & F. Marchesano '04]




Magnetized Orbifolds T®/ Z,

= # of degenerate zero-modes is reduced

= Eliminate extra massless fields

M 0 1 2 3 4 5 2n  2n+1
Pure T*? 1 1 2 3 4 5 2n  2n+1
Even 1 1 2 2 3 3 n+1 n+1
Odd 0 0 0 1 1 2 n-1 n

[H. Abe, T. Kobayashi & H. Ohki '08]

= 7, parity assignment respecting the N=1 SUSY

V- +pPyp1

_. PN x N matrix satisfying P? = 1
¢; > £ Pp;P~"

ZZ acts as Zy — + Z;



Dynamical Supersymmetry Breaking (DSB)

= 10D SYM theory : restricted field contents and couplings

= Supersymmetric SU(N,) gauge theory with N fundamental flavors (Q, Q)
= SUSY breaking scale ~ Dynamical Scale A

= For N. > Ng, the Affleck-Dine-Seiberg potential is obtained
A3NC_NF>1/(NC—NF)

det(QQ)

= Simplest DSB model with a singlet S [I. Affleck, M. Dine & N. Seiberg '85]
A3NC_NF>1/(NC_NF)

det(QQ)

WADS=CX<

Weff=ng@+C><<

F, = Q0 = 0 — blows up in the second term



DSB models on Magnetized Orbifolds
= Gauge Symmetry Breaking : U(N) - U(N.) x U(1) x U(1)

Ml-clNC 0 0 * k% *oOoR X x 0 =
Fzz, = 0 M7 0 Oy =|* *x S|, Gy=(* * *), Dy=|x x «
0 0o MY CE Q * * * % %

l

= Coupling : W = g &, ®,P; = g SQQ

= Unbroken gauge invariance : M5 + M2 + M2 = 0

M5 =MF—MY, MP=MY—ME, M =ME - MF

= Z, invariance of the Yukawa couplings :
Even-Even-Even or Even-Odd-Odd



Zero-mode degeneracy

= Degeneracy of fields (S, Q, Q) = (1, Nr, Ng)

= (Q, Q) x Ny originate from a single torus
| > | 1 | T3 | Total _
QJ 6 NF 1 1 NF
) 1 1 1 1

I



Result of a systematic research

Z, parity of (S, Q, Q) Flux (M$, M2, M%)
Pattern 1 (Even, Even, Even) (0,M,—M)
Pattern 2 (Even, Even, Even) (—1,—2M,2M + 1)
Pattern 3 (Odd, Even, Odd) (—3,—M,M + 3)
Pattern 4 (Odd, Even, Odd) (—4,—2M,2M + 4)
Pattern 5 (Even, Odd, Odd) (O,M,—M)
Pattern 6 (Even, Odd, Odd) (—1,—2M — 1,2M + 2)

|
| 2 | 72 | 1> | Total _
Qi 6 NF 1 1 NF

S 1 1 1 1



Concrete Model with pattern 1
On the first torus
= Flux (M5, M2, M%) = (0,M,—M) (M > 0)
= 7, parity of (S, Q, Q) = (Even, Even, Even)

Magnetic fluxes on the other two tori

= No extra degeneracy

1 1 1
= Preserve SUSY : V_lelz + V_ZFZZZ + —F,

Vs Z3%Z3

0 0 0 0 0 0 0 0 0
Fome~|0 M 0),Fpzz~(0 =1 0),Fpz~{0 0 0
0 0 M 0 0 0 0 0 -1

. V- V-
= Ratios of the torus areas : = ==+
Vs V3

=0

=M

« (M5, M2, M2) = (-1, 0, +1) ; (M5, M2, M?) = (+1, -1, 0) — Z, Even



Concrete Model : T®/Z, x Z, orbifold
=7,actsasz; > +z;, ¢;>+Pp;P L, P : N x N matrix
- (S, Q, é) — + (S,Q,é) under Z; > — Zj

= Eliminate extra fields

Z, X Z5 Orbifold projection and resultant massless modes

1 0 O
Zz (21,22,23) - (_Zl’ _22,23) Wlth P — (O _1 O )
0o 0 -1

1 0 O
Zé 0 (le Zz,Zg) = (le —Z7, _Z3) with P, = (O —1 0)
0O 0 1

One singlet S, pairs of (Q,Q), and no extra fields




Summary

= Simple DSB models based on magnetized orbifolds

= # of the flavors controlled by the magnetic fluxes M

= 7, X Z5 orbifold eliminating all of extra massless fields
= The similar models with the other patterns (2,3,4,5,6)

Future prospects

= Association with other sectors (The MSSM, Moduli stabilizations)
= Phenomenology (SUSY breaking scale, Moduli couplings)

Thank you very much !!



