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1 Introduction

Two significant facts which imply the neces-
sity of going to ultra-high energy.

(1) Renormalization Group
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(2) See-Saw Mechanism

m* (100 GeV)?
M 10" GeV Jo e o

These do not necessarily imply the Planck
mass but they are very close enough.
— String Theory

e Old generation (P. Ramond) worked both
in string theory and phenomenology.

e New generation (except for a few ex-
amples) works either in string or phe-
nomenology.

— Unhealthy Condition!

Here I would like to start from M-theory and
try to go all the way to calculate the quark-

lepton mass matrices, mixing angles and so
on. (ref. E. Witten, hep-ph/02021018)



2 M-theory

low ener

M-theory ~——"11-dimensional supergravity

e Matrix formulation
e Membrane formulation

— effective — D-brane
— fundamental — (7)

e It looks non-renormalizable (7)
e It lacks small expansion parameter

To investigate the possibility of fundamental
membrane theory is a worthwhile thing to

do.

Closed membrane

(0S]0) = / - [ £do

all closed
3-manifolds

3-manifold
(i) Topology (ref. H. S., hep-th/0304164 )
(ii) Geometry g;;



(i) Topology

Heegaard diagram: any 3-manifold can be ex-
pressed in one or more than one Heegaard

diagram.

two balls two donuts two two-hol e donuts

surface mappi ng . .
aut onor phi sm aut onor phi sm aut onor phi sm

classification of surface automorphism
<= classification of topology



& Two-balls

Syt =1
(A): 2°+y*=1—2"<1, 2>0
B): 22 +y*=1—-2°<1, 2<0

two donuts = lens space L(p, q)

p-sections in upper and
and lower hemisphere

rotation and identify
upper and correspond-
ing lower section




(i) Geometry

Thurston conjecture:

“Any geometry can be brough into
the following 8 geometries by a
diffeo(homeo)morphism:

H3, S3 E3 S?x St H? x S
Sol, ,Nil, and SL(2,R) ”

No need to integrate over g;;. This situa-
tion is similar to the string case where g;;-
integration is reduced to a finite number of
moduli integration for a given topology.

—> suggestive of renormalizability

Unitarity

1. light-cone gauge 7
2. dual string theory 7



3 Low-energy effective

action

11-dimensional supergravity

“vacuum degeneracy”’ <— supersymmetry
This implies that we should look for a non-
generic M-theory which admits only restricted
9w or A, leading to the unique vacuum

(mirror symmetry (7)).

Witten:
11 = 4 + 7
~— ~—
Minkowski compactified manifold
of G2 holonomy
7 = 4 43
—~—

K3 manifold



4 space (K3 manifold) has a singularity (mon-
odoromy) to produce a given gauge symme-
try. This gauge symmetry is localized in the
J space.

“The supersymmetry may also
be localized in 3 space.” H. S.

Assumption about the vacuum

1. 4 space (K3 manifold) gives SO(10)
group symmetry

2. 3 space is a lens space L(4,2) with
certain discrete symmetry



#® Lens space L(4,2)

A, B,C, O are the only fixed points. We as-
sume that the theory is invariant under these
transformations and the symmetry is local-
ized in these points.

A, B,C — SO(10), O — U(1) x U(1)

10



4 Explicit model

Chiral multiplet:
0 (1=1,2,3) 1+ A, 24 B,3:C
H{y onlyat A @®H (i=1,2,3)
call this the physical chiral sector.

Gauge fields:
V9 (i=1,2,3)

“Hidden” sector (point O) U,(1) x U,(1):
=1

H(z), H(—z)

Messengers

16(%) Q ( z) (i:17273)
Hig(2), H“)( 2)

11



Discrete symmetry

x,y reflection trivial

z reflection

A = 80 alf = -
Hl((l)) o emlOHl((l)) g = /2
Hi — Hy
H(y:) — H(ys)
H(-y;) — H(-y)
H(—z) — H(—=2)
Q(Fy) — B ™IQY(Fy) ol
Hig(z) — €00 H (2) ao(z) =
Hig(—2z) — era g (—2)

ap(—2) =0

12

= +n/4
—7/2

or /2



Superpotential

W =gQ\s Q\g Hiy
+gi@§gﬂ<yi>cz§g<—yz-> + hH{ H(—2)H{p ()
+ £:088 ) HEY QW (—y:) + froH) (=) HE Hip (—2)

+miQYY (1) QY (—yi) +magHiy) () Hip (—2)
+M'LH(ZJ’L)H( y%)"'MOH( )H(_Z)

(Note)

1. Second and third generations do not
couple to Higgs directly.

2. No mass term to H\y or H(l)(:lzz).

3. Hj3 couples only to Q7 (y:), Q1¢(—v:)
and Hi(2), Hio(—2).

4. The discrete symmetry will not be used
for the explanation of doublet-triplet
splitting.

5. Coupling constants can be calculated
in principle in terms of membrane in-
stanton. Hierarchical values are expected.

13



5 Broken symmetry and

hierarchy

e Supersymmetry breaking

o {SO(10)}® — SU(3) x SU(2) x U(1)

Supersymmetry breaking

D-term for U, and U, will violate supersym-
metry. This is to avoid the non-renormalization
theorem which results in

(QY0 () Q2 (—ya)) < 6y = {SO(10)}* — SO(10)

<H10(Z)H10(—Z)> = (0 = Higgs mass

even in the non-perturbative calculation.

Explicitly, for k,D, 4+ k,D, and

Mi 2 ) 2 M 2 2

MP M
(H(2))p = Mo (H(~2)) 4 # 0

(H(yi))r=M;(H(—yi))a # 0

14



Consequences

9059 (vs) (H (9:)) r Q2 (—y,)

—> squark mass g; see-saw
m;

hH{g (H(—2)) 4 H{y (2)

—> Higgsino mass <

Gaugino mass ¢, .(y,)

i
(H(y:))r  (H(y:))F

Physical sector mass

H(-z) H (y;)

1 1 1 i i i
Hy) Hiy(2) Hy QW QW(w) QY
only vr gets mass

15



Gauge symmetry breaking

(S0(10)}? ~ SO(10)
<Q16 (yZ)Q )( Yi)) = ey

D-term can break the supersymmetry and it
will break the powerful non-renormalization
theorem (N. Seiberg) also. This is the origin
of “Flavor physics”. How do we do it ?

Non-perturvative effect must be considered.

Self-consistent mass generations (NJ L, BCS)

—QO)— = —e— + /:\1

mz-j = mzdm + mw
2
I'(p) = S(p)+ %tr log [55255;03 /5%5%

SO(10) — SU(3) x SU(2) x U(1)

-

1) 77(2) 77(3
tr (Hi5)H£5)H£5)) 70

etc.

16



In our case, this takes the form

Fmass(()p) :S((P) o %Tr/deQ, X

[K_l(Q - Q,)sosoach(Q/)K_l(Q/ — Q)vvay,(Q)

+ KN (2= Q)pvave(Q)KHQ - Q)soVa'V@(Q)}

where
Lo L
B 525 A int
dS$) = d$d29d20, — Kij + Qg5 -
0Pi0p;
For example,
Ky, =
OPr + 4m2 — £(PL+ P)0  —2gY Al (y) 0 \
0 — 145 DD 1+ gY D626
—29Y A(—vy) 1 — gY D262 —4%[)1_) )
etc.

17



& Prototype computation

Mmi; = M;04j 9 9i
Hl((l)) case A
m=mg + ¢°mlog —
m
A
mo=m|1—¢g%log— | or m= o
" 1 —g°lo A
mo 4 : g g "
, >
0 Ae=1/9”

o 2
mo=0 m =0 or, m = Ae 1/g
—> Hierarchical

may be relevant for
doublet-triplet splitting

18



Q9 (ys) case

A
m;j = Mo0ij + i <mlog —) g; (=1,,2,3)
m) .
approximations
mij =modi; + My, [y < |mo
o A
T = iy : log— = A
mo mo
Then !
Lij = )\gigj5ij + ()\ — 1)9i9j$z'j — 597:93‘ ($2)7;j

assume |g1| > |g2| > 93|, A>1
then Tr11 = 1/91

For> | . |
PE "D +1/27 B0 D)g 12

2 2
Toa ™~ NG5, T33 =~ Ag3

4 ( 1 )
T7y= 591 —(A—=1)g193 + 5919 (11 + T33) ¢
919293 \ y
4 ’ 1 |
37%3 — 5 1 - (>‘ - 1)9192 + 59192 (51311 + $22) ‘
g139392 \ )

2 o o 1

o 2 2
Log =Tq19Lq3 " 59293

xr12 real, 13, rogz imaginary = CP violation

19



§) Quark-lepton mass matrix and
mixing matrix calculation

HM

g\ QI HW is

(1) Nn the only coupling
or 16

1 1

Others can be calculated in the following way:

“~M12 O TN13

1 TN H (32)
2 or 3




does not exist

= R N = O

Hig Q16 Q16

H_, Q6 Qi6(y)
H—y QE Q16(y)
Hy Qe Q15
Hy Qe Q15

21



Mass matrices for U, D, L, vp have all

l+e ¢ d
a a 7y form
b B 0

with e,a,b,c,d --- first order
a,B3,v,0 --- second order
vy has
AN
=~ A22 form
Asz3

— see-saw 1S built in

KM matrix is given by

1, —|(xF, Via)le™ — RS _ + &Y _, —rLy+ &Y+ 5L I(xT,

(G Via)le ™™ b rd = mt 1 - det = w2, <R, 4+ RY

2 0

d _ d
kbo — kYo — kYol (XD, Vig)le ™, kb g — k™, 1— |r"™,

22




1 ] (lal? + [b]%)/e]
Vi=| a/e |, V_= —e'%a
b/e V/lal? + [bl? —eih
1 0 i |
Vo = —b , €= |ele'®
Va2 + 12 \ -3

Ar=[14e€|? + a]® + [b]> + |c|® + |d|?
(la|® + 161*) (| + |d]?)

T e+ a2+ (b + e + |d)?
1

e+ 1d

A0 2 {|aa — |2 +1dB — cd|2} + “second order”

23



Neutrino mixings

—1
Ay . ,
M =mp A, ) mp
Agg
2\ * * * * ok * %
+ (a®y—b*zx) (a™z*+b"y™) \
( cos 9—|>\+| , cosf e cos 6 Trer
2\ * * * * ok * ok
, . —a*y+b - —b
matrix = sm€|/\i|, cos@cotH( alie* m), cos@cotﬁ( = f+e* y7)
cotO(_by_aw)

1 (—by—ax) (=bx* —ay™)
\N+ cot O e el OO i )

1
v/ 1+(la]2+[b[2) /|1 +e|2

Here cosf =

1
Ap~14c* 4 d*?, x:—ﬁ{b+cﬁ+d5}
0

A No ! {a + ca+ dv}
_~— : ~ — a4+ co
1+ ¢ + d? v Ny /
2 |)\+‘2 2 2 2 2
Ni= N2 +lz["+y|*, " +y =1
0
62A11A2_21 — 02 ) d2A11A3_31 — d2
a’AZ — o BNz — B
VATT— . 8PAG — 6
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7 Conclusion

(1) M-theory
+— renormalizable membrane theory 7
(2) Vacuum problem
It is important to make sure it contains
a physically acceptable one
—> phenomenology
(3) A candidate vacuum
— lens space + discrete symmetry
(4) {SO(10)}? x (U(1) x U(1)) model
(5) Various hierarchy mechanisms
1. membrane instanton
2. see-saw
3. A~ e /9
(6) CKM, neutrino mixing are calculable

(7) New physics /\

-
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