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® Higher dimensional gauge theory with flux bg. can appear

as effective theories of superstring theory, e.g.,

our 4D Intersecting branes
-, \ c.f., [Ibanez, Uranga '12]
R = » Magnetized branes
~ 1 ——

Torus T2
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® We review 6D U(1) gauge theory with flux bg.
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o
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® Extracting 2D as torus = 2D QM

[ is given by extra components of

(F56) =2t M
vector potential: A5 = — fys & Ag

® Flux:
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® Analogy to harmonic oscillation:
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H =

(P + fy0)? + P

)PS]:O — P5:27[]

H

[

.. Simultaneously
diagonalizable

w/ shifted position by j/M

o1,..,6M-1
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® KK mass spectrum:

4w M
% my = > (n+3) 59'\\‘\"‘ m

analogous to
H ~ how(n + 1/2)

o, 4nM
I’l: <Q¢

G n

(e.g., by embedding our setup into 10D SYM or so)

We assume SUSY and “1 /2"-termnis i ﬁ

® KK modes (zero modes): Gaussian

w(f)' ~ 2T Y5 g~ MImT (ye+jI M) j=0,1,..,M-1




® SUSY Higgs potential: p-term is
W = uH, H,

mass dimension +1

® To realize radiative EW symmetry breaking at ~ 100 GeV,
we need a small value of g, e.g., ~ 103 GeV (= 1 TeV).

(as well as soft terms. In this talk, we just focus on p-term.)
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Mnis ~ 10'° GeV

susy /

N | —
p losed
string string

Why so smaller than B N
‘  [KimNilles,'84] —  ~1016¢ GeV




Orbifold T2/2Z-

® Quridea is as follows:

0 TR 2R




e Ourid . £oll Orbifold T2/Z;
ur idea IS as TOlHOWS. 2nR
L/
We put 6D u-term: ) |
l _ 2
Wep =u Hy, Hj 0°(2— ()

fixed points
<1 = 0, <9 =

TR




Z=Y)5+ ly6 orbifOId TZ/ZZ

® Qurideais as follows: | |
won vl (2) +nyl (-2)

T2/Zz IE

We put 6D u-term: )
l - o~ "M(Im2z)°Im7

2]

Wsp Z,UH Hy 6°(z-{)
\

wavefunc wavefunc. fixed points

H4D H4D /\ Z1] = O Z9 = %
Z3 = Z4 = 1+7




. . Z=Y)5+ ly6 orbifOId TZ/ZZ
® Quridea is as follows: | |
won vl (2) +nyl (-2)

T2/Zz IE

We put 6D u-term:
l - o~ "M(Im2z)°Im7

A \

d,n:fns,ona[ wavefunc wavefunc. fixed points

reduction: H4D H D /\ 2120, 25— %
f A%z B=3 =5
T2 Z,

Weff ~ He

effective M- -term in 4D
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® Effective u-parameter: 1: epends on setps :

Uets ~ Mc exp(—cImT) GeV

® D.o.f's: M & position of fixed points ¢

1016 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

As sample,
Mc ~ 1/JA ~ 1016 GeV

M=3 (odd), z=z,

1 [TeV] < pefr < 103 [TeV]

| Setupl:M=1,( =2z3
DU S M=1 (even), z=z3 | Setup Il: M = 3, {= z,

_ __ e ————e =

We need specific setups, but this is
an interesting mechanism to lead to hierarch

e —— — e — — —




® Unfortunately, the setup tends to generate multiple Higgs

doublets, if the Higgs field is charged under U(1).

® What's happen in cases with multiple Higgs pairs?
® e light & p2: heavy eigenvalues of 2-by-2 y-matrix

® ...even if we set y-matrix ~ Mc ~1016 GeV
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® What's happen in cases with multiple Higgs pairs?
® e light & p2: heavy eigenvalues of 2-by-2 y-matrix

® ...even if we set y-matrix ~ Mc ~1016 GeV

.~ 1016 cImT oy

Hetr (=i4/1)

If ImT=0(10),

4 6 s 10 12 14 \ ffre:\/ < ~1OI;'62GeV

——




® So far, we focus only on massless modes. But, there are

many massive KK modes. Corrections from them?

® KK tower should be truncated at some KK level n = Npax.

® We call its scale cutoff scale A =mpy_ (= VATMNy /).

1016 ]
13 7 two pairs
— 107 | .
S o | of MSSM Higgs:
g 1010 7
S\% 107 - 1(TeV] < oy < 10° [TeV] Setup:
10 M = 2, Z; parity = +1
| Hefr (= 11)
10 ‘ I S S U S SN SR SR
0 10 20 30 40 50

Nmax

- E————— — _ —

h‘ Effective y-parameter is independent on “cutoff”.




® Flux compactification plays important roles in the context

of extra dim QFT & string phenomenology & cosmology.
® Chiral matters, their families, ...

® We have investigated effects of localized u-terms on 72/Z,

fixed points.
® Insingle Higgs, Im7 =6 (10) & small y-term around TeV

® |In multi Higgses, split mechanism: pef << 2 <...
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Flux can give an effectively small y-term.
It would be a possibility to solve so-called pu-problem.

-

Thank you!






® We seem to be ready. Why brane-localized masses?

formal interests

® A way to treat mass terms localized at fixed points
® Regularization of fixed points?

® Relation b/w # of modes, especially, zero-modes?

® Making unwanted modes sufficiently heavy

® Applications of mass terms to phenomenology

pheno. interests



® Introducing a mass term localized at a fixed point z;.

® 6D scalar Lagrangian:

Y6

— —|Dy®(x, 2)|° — h|c1>(x z)|252(z z,) -

4D '2{\ l?cal:zed \mass -

KK masses

\ O (x, 2) =;<pn(x)®¢n(z) =0, z=!
. . . Z3=3, Z4= -3
® After dimensional reduction, \
N
(Meff){n jhin',j't — =m 6n n’5] ]’ + h((b (Z )) (P] (Zz
dlagonal  off dlagonal

KK masses  give by h & w.f.’s



® Focus on 3-by-3 KK matrix = two lowest modes & a 1st KK

w .’ + degeneracy lpoo(Z), l’lo1(Z) IP1(Z)
N <« KK level lowests
/ (V1IV21V3) = (WOOI t’JOOI
woz) wo(z) wi(2) ,
wox) [/ mg2 / vi]2  (v1)'v2 i (vq)'vs
MKK ¢ ~ yoi mo?2 + h | (v2)vi |va2 :(v2)'vs
wi(2) m+2 (vs)'vi (v3)'va: |vs?

1st

(Here, for n=1)

.. gives eigen values approxmately

A1 =mo?, A2=m¢? Az=m,? . An= O mode is uphfted ,

e —

A'1=mo2, A'2=mo3(1+0(h)), A’3=m2(1+0(h))



® We have four fixed points on T2/Z>.

® For simplicity, focus on lowest modes:

m02
MKK mMo*
eff ~ S h1 (V1)* vl + hz (Vz)* vZ +...
rank 4 at most
degenerate
- We can uplift four light exotics at most in eff. theory. l
- m02 — m02 — m02
mo2 T°° mo? mo? ma
) mg? "\ me? 7 Y me(1+0(h)))
_ mo2 _ mo?(1+0(h;) _ mo?(1+0(h;))




® Localization profiles of modes uplifted by a localized mass

® |Lowest modes: light: localization dark: delocalization
°(Z) mo? Y’o’(2): mo*(1+0(h)) w’1(z): m12(1+0O(h))
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