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STANDARD MODEL UNIFICATION
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Additional evidence: Log running , Tp » My

Guides. 3 Generations & SO(10) embedding




Point, String, Membrane ...

11D - supergravity

SO(32) heterotic
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Realistic free fermionic models

‘Phenomenology of the Standard Model and string unification’

e Top quark mass ~ 175-180GeV PLB 274 (1992) 47

e Generation mass hierarchy NPB 407 (1993) 57

e CKM mixing NPB 416 (1994) 63 (with Halyo)
e Stringy seesaw mechanism PLB 307 (1993) 311 (with Halyo)
e Gauge coupling unification NPB 457 (1993) 409 (with Dienes)
e Proton stability NPB 428 (1994) 111

e Squark degeneracy NPB 526 (1998) 21 (with Pati)

e Minimal Superstring Standard Model PLB 455 (1999) 135
(with Cleaver & Nanopoulos)

e Moduli fixing NPB 728 (2005) 83



Free Fermionic Construction

Left-Movers: wﬁQ, Xi, Y, w; (1=1,---,06)
Right-Movers
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Model building — Construction of the physical states

Fo(f) — fermion # operator

alf)+ F(f) — U(1) charges

DOl —

Qf) =



Calculation of Mass Terms

nonvanishing correlators
(VlfVvagb . Vﬁ)
gauge & string invariant
*anomalous” U(1) 4
TrQa#0= Dy=0=A+3 Q)
Dj =0= Y Qe

(W) = () =0 N=3---.

Supersymmetric vacuum (F) = (D) = 0.

nonrenormalizable terms — effective renormalizable operators
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The NAHE set : { 1, 5, b1 . bo . b3 }

N= 4 — 2 1 I vacua
Z9 X Z9 orbifold compactification

—  Gauge group SO(10) x SO(6)%7 x Ex

beyond the NAHE set Add {a, 5,7}

number of generations is reduced to three
SO(lO> — SU(S) X SU(Q) X U(l)TgR X U(UB—L
U(l)y = 3(B—1L) + T3, € SO(10) !

30(6)1’2’3 _ U(1)1,2,3 < U<1>1,2,3



The massless spectrum

Three twisted generations b1, by, D3
h11,0,0 hl—l,o,o
Untwisted Higgs doublets hoo 1 o hog 1
h30.01 h3g01
Sector by +bo+a+ h h
1 2 ﬁ &/B_% _%707070 O &/8%7%70707070

® SO(10) singlets
Sectors b;+2vy j=1,2,3 ——  hidden matter multiplets

“standard” SO(10) representations

NAHE + { o, 8, v} — exotic vector-like matter — superheavy

@ Quasi-realistic phenomenology




Fermion mass hierarchy

Fermion mass terms

cgfifih (%) o

c - calculable coefficients g - gauge coupling
fiofj € b 7 =123
h — light Higgs multiplets
M ~ 1018 GeV

(@) generalized VEVs, several sources



Up/Down—type Yukawa Selection Mechanism
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At the cubic level — v selects trilevel Yukawa coupling:
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Top quark mass prediction

only A\ = <tCQ7JL1> = \/§g # 0 at N=3

Wy — 0°Qphap®

—|_ TCLThOgﬁq)l

— Ap = (%%> Ar = (CT%)
— Ay, = A = 0.35¢g° ~ %)\t

Evolve At , Ap tolow energies

my = MU} = )\t%smﬁ

QmW
where  vp = = 246GeV
g2(Mz)
v tan 3

me = )\t(mt) —

V2 (14 tan? 8)2

mp = ApU9 = )\b%cosﬁ

2
v
and  (v7 +03) = ?0

my ~ 175GeV  PLB274(1992)47
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Cabibbo mixing PLB 307 (1993) 305

Find anomaly free solution

( € Valsbas 0 \

) e
AT i
Mg~ | = ?\Wf}& ]\24—51 0 | v,
_l_
\ 0 .
130,53 V5 g 4
< 107° _ ~ 2-3x107%
‘ M3 64 73

0.98 0.2 0

= V| ~ | 0.2 0980

0 0 1

Three generation mixing — NPB 416 (1994) 63 J| ~ 1079



Classification of fermionic Z X Z5 orbifolds

(AEF, Kounnas, Rizos)

Basis vectors: consistent modular blocks 4,8 periodic fermions

RTINS ROSK 0 BN G )
- (whx,

a = (P,

n = (5,

e; = {y',Wg", @'}, i=1,...,6,

by = {X34 567y347y56 g34 56 —1 ¢1

b2 _ {X127X5679127y56 ng —56)772 wl

W

1,.

°h
°h

6 pl23 fled gl
N = 4 Vacua

N=4— N=2

N=2—->N=1

Vector bosons: NS, 219, 21 +29, x =1+ 5+ e; + 21+

impose: Gauge group SO(10) x U(1)? x hidden

}



Indepe

V1

ndent phases C[U]}

b\

= explim(v;|v;)]: upper block

H H HHH B H

HH HHH HHH = S
HH H H B HH HH = S

—

N—

Apriori 55 independent coefficients — 2°° distinct vacua
Impose: Gauge group SO(10) x U(1)? x SO(8)?

— 40 independent coefficients



The twisted matter spectrum:

1 1 1 1 1
Bglglglél — S + bl + 8363 + 6464 + 6565 + 8666

3046546
B oo = S+ bo+ lley + l3eg + L5es + (e
1¢2%5%6 |
323636323 = S+ b3+ 8?61 + f%eg + f%eg + 8264 llj. = 0,1
12t3%
sectors Béq,,as — 16 or 16 of SO(10) with multiplicity (1,0, —1)

Bpys+x  — 10 of SO(10) with multiplicity (1,0)
Counting: for each B!

pqu:
Projectors:

1) 1 € Zj
P(111116H<1C( (1) )>H<1C( (1) ))
pqrs Bplqlrlsl Bplqlrls1

0 X i o)
Si - qurs 2 Ppiqirisz‘ , 1=1,2,3

similarly for vectorials

Algebraic formulas for S = 223:1 S@ — S@ and V = 223:1 v (0)



Introducing the notation

the projectors can be written as system of equations

A !

where the unknowns are the fixed point labels

and
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The number of solutions per plane

S(}) ) <( 24—rank<A([>) ik (A([)
0 rank (Am

\
v<[> ) <r 24—rank(A(I)) _— (AU)
\ 0 rank (AU)

)
)

)
)

= rank

< rank

= rank

< rank




rank (AWY) | rank AU, Yl(ﬁl | | rank |AD, Yl(ol )| | # of Spinorials | # of vectorials
4 4 4 1 1
3 4 4 0 0
3 4 2 0
4 3 0 2
3 3 2 2
2 3 3 0 0
2 3 4 0
3 2 0 4
3 3 4 4
1 2 2 0 0
1 2 8 0
2 1 0 8
1 1 8 8
0 1 1 0 0
0 1 16 0
1 0 0 16
0 0 16 16

Table 1: Total number of SO(10) spinorial and vectorial representations in a given orbifold plane I = 1,2,3 for all possible ranks of the projection
matrices (A(I)), [A(I),Yl(ﬁl)}, and [A(]),YI(OI)].



RESULTS:

XXX X IR X X X
XRKXXX XKOIKX XK
XXX X SCRERRIELOIGBOOORLIK IO X
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net number of generations
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0.3

0.2

0.1

precentage of models

X X
XXXXTXXXXXXXXXXXXX ‘ XXXHKRK R KX XXX XXX XXX
! ! ! ! ! !

—20 0 20
net number of generations

7 % 10? models ~ 15% with 3 gen

FKRI



Spinor—vector duality:

Invariance under exchange of #(16 + 16) < — > #(10)

0 2 4 6 8 10 12 14 16 18 20 22 24

24| 124
22} 122
20} 120
18/ | 118
16r l 0 | 116
14| 114
12} 112
10/ 110
8 18
6 16
4 14
2| 12
ol 10

0 2 4 6 8 10 12 14 16 18 20 22 24

Symmetric under exchange of rows and columns

b 27 =160+ 10+ 1 27 =16+ 10+ 1
Self-dual: #(16 + 16) = #(10) without E symmetry



= Algebraic proof of spinor-vector duality

The number of vectorials and spinorials from a specific
orbifold plane I are interchanged when the ranks of the

associated Y'-vectors are interchanged
rank [A([ )>Y1<6 } «—— rank [A([ )7Y1<0 }

Induced by GSO phase change



Exotics : (in FNY SLM-model, NPB 335 (1990) 347)

! . )
—2{ H{Hy¢y + H3Hypy + HyHgpy + (HyHg + HoHy)d), +

Wo=

(Hyy + Hi9)(Hi3 + Hig)dy + Vi1 Viods + VisViuds +
VisVieds + (VarVis + VigVso) @, + V1 Vi, }

( ¢4, &), P4, ¢, ) — massive exotic states at N=3 (PRD46 (1993) 3204)

CFN — Classification of flat directions (PLB 455 (1999) 135)

Example: {P12, 923, D56, P4, @), Ga, &Yy, His, H3, H31, Hag}

All Standard Model charged states beyond MSSM — & Mty

MINIMAL STANDARD HETEROTIC STRING MODEL



Beyond SO(10) Classification: Pati-Salam Heterotic—String :
SO(10) — SU(4) x SU((2);, x SU(2)p — SU(3) x SU(2) x U(1)

single additional vector V13 = = {1545$1’2}

12 new GSO phases c|a, vj|,j = 1,...,12.
16 = F(4,2,1) + Fr(4,1,2) —» (Qr + Lg) + (Qr + LR)
10=D(6,1,1) + h(1,2,2) — (D3+ D3) + (h® + A%

PS Symmetry broken by <V§_[> . (v

_ ) _ 1

H(4,1,2) — u%(3,1, +§) +d%(3,1, _§> + (V{(1,1,0)) +€%(1,1,-1)
2 1

H<47 ]-7 2) — ’LLH(37 ]-7 _g) + dH<37 ]-7 —|_§) + <VH<17 ]-7 O)> + €H<17 ]-7 —|_1)

Models to date contain additional fractionally charged matter

ALGEBRAIC ANALYSIS OF ALL SECTORS



Search strategy

A model is characterized by 9 integers (ng, kr, kR, ng, np,ng,ng,noy, nQR)
n4r, — Ngp = N, — N4R = Ng = # of generations
nyy = k1, = 7 of non chiral left pairs

nsp = kp = # of non chiral right pairs

ng = # of (6,1,1)

ny = # of (1,2,2)

ny = # of (4,1,1) (exotic)
ng = 4 of (4,1, 1) (exotic)
nop =4 of (1,2,1) (exotic)

nop = # of (1,1,2) (exotic)

51 independent GSO phases, — 290 ~ 2 x 10! models.



RESULTS: of random search of over 10 of 5 x 10'° vacua
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RESULTS: of random search of over 10 of 5 x 10'° vacua

108 - 1108
2N ,_,,,,,,,,,::_ 6
5100 - 10
3 _
o L0t H T HH T H T H 10*
5 _
g N

L AR AR AR AR AR AR AR IR AR IR AR AR IRARIRURIRIRIRIR 102

0 10 20 30 40 50 60
# of massless exotic multiplets

Number of 3-generation models versus total number of exotic multiplets



Pati—Salam models statistics with respect to phenomenological constraints

constraint # of models| probability | # of models
None 100000000000 1 2.95 x 101
+ No gauge group enhancements.| 78977078333|7.90 x 10~1| 1.78 x 10%°
+ Complete families 22497003372 12.25 x 101 | 5.07 x 1014
+ 3 generations 208140621 2.98 x 1073| 6.71 x 10!2
+ PS breaking Higgs 23694017 |2.37 x 10~*| 5.34 x 101
+ SM breaking Higgs 19191088|1.92 x 10~ 4.32 x 101
+ No massless exotics 121669|1.22 x 1075 2.74 x 10”

Constraints in second column act additionally.




Correspondence with Zy X Z5 orbifold

NAHE & (& = {¢1... 5,75, 757 = 1) —  {1,5,61,&,b1, b0}

Gauge group: SO(4)? x Eg x U(1)? x Fj

toroidal

compactification 9ij =

R; — the free fermionic point —

(210 0 0 0)
1 2-10 0 0
0 -1 2 -1 0 0
000 -1 2 —1-1
000 0 -1 2 0

\000—102)

PLB 326 (1994) 62

mod out by a Z5 X Z5 with standard embedding

=

Exact correspondence

and 24 generations.

\

i
0

—9Yij

G.G. S0O(12) x Eg x Ejg

1 <
i =

L >



In the realistic free fermionic models

replace & = o = {10 L 72 7P} =1

Wlth 2,}/ _ {wl 5 —1 —2 3 1,"-,4} :1
Then {1,5,&; =1+b; +by+ b3,29} — N=4 SUSY and
SO(12) x SO(16) x SO(16)

apply b1 X bQ — ZQ X ZQ — N=1 SUSY and
SO(4)?xSO(10)xU(1)3x SO(16)
b1, bo, b3 = (3 X 8) 16 of 50(10)0

b1 + 27, by + 2, b3 + 2 = (3x8)-16 of SO(16)y

Alternatively, c(?) = 41 — — 1
2



Spinor—vector duality in Orbifolds:

Using the level-one SO(2n) characters

w Carlo Angelantonj, Mirian Tsulaia

oo Lo gn
02”_§<?7”+?7”>’ Vé”_?(n_”_n_” |
o or o gn
1 — 1 2 -—n 71
st () onmb(GoTR)
where



The partition function of the heterotic string on SO(12) lattice:

Zy = (Vs—Ss) [!012!2 + | Vial® + [Sial* + 1012!2} (016 + S16) (O16+ S16) -
and
Z— = (Vg — Sg) {(’012’2 T \Vulz) (016016 + 016016)

+ (\512\2 + \012!2) (516516 + ViVi6)
+ (O12V12 + V12012) (S16Vi6 + VieSis)
+ (512012 + C12512) (016C16 + C16016) | -

(© - =

connected by : /—=71/a®b),

where 4 refers to

Int 1 Int 2
0= (—1)LE b (—1)F L



Starting from:

X6
Zy = (V& — S3) ZAmn (016
where as usual, for each circle,
i m; | niR;
= +
pL,R RZ o
and
' o o 92
qcflpL q_%pR
Am n —




apply Zo x Zj - g x g = (1) €6 x (1) &)
with  6;XY = X9+ 7Ry ,

72 = (Vs =83) [ Momm (016016 + C16C16)

+ Nom41.n (§16§16 + V16V 16)
+ A

2m,n+% (
+ A (

oma1nsd (016C16+ 616616)} -



"N
Add ZQ : ($47 L5y L6y X7, L8, 5139) B (‘|—.T4, +I5, =X, —T7, —T8; —:Cg)

Naively

((ZQZ;Z@) /%

Produces massless vectorials. No massless spinorials. (Elisa Manno, 0908.3164

L
—> Anal
e ((Zg X Zy X Zg//)>



(]
] °

Z
a Ny
Z

.7 discrete torsions

i=1,

eight independent orbits



® sector c

4 — + m
1 2 ) €np + €3, (—1 o
Qc | = A R il Ap g o6+ (=) Amon | V1254016
2\ 164 63 2
4 4 + — m
1 ) 2 €. — €q,(—1 o
2\ |04 63 2

€1 =41, eo=—1, e =41, es =41, e5=—1, ¢g=+1, e7 = —1,

No gauge enhancement. Spinors massless. Vectors Massive.

e1=+41, eo=+1, eg=4+1, e4s=+1, e5=+1, ¢g=—1, e7 = +1,
No gauge enhancement. Spinors massive. Vectors Massless.

Spinor—Vector duality map  {e€9, €5, €5, €7t— — {€9, €5, €5, €7}



Conclusions

Phenomenological string models produce interesting lessons

relevance of non—standard geometries

Spinor—vector duality

Exophobia

Free Fermionic Models — 75 X Z5 orbifold near the self-dual point

Duality & Self-Duality < String Vacuum Selection



Proton stability and superstring 2’ (with Coriano and Guzzi)

Standard Model: (SU3R221)®(Q LU D E N)® (h):
Effective renormalizable QFT below a cutoff
baryon and lepton numbers protected by accidental global symmetries

Non-renormalizable operators suppressed by cutoff M

B & L numbers violating operators

Dimension six: QQQL# = M ~ 1010GeV
supersymmetry:
Dimension four: mQLD & mUDD = (g -mp < 10724

Dimension five: AQQQL% — (ﬁ) < 1026



Appealing Proposition: Low scale gauged U(1) symmetry

Additional Facts

Standard Model: —  Unification +— SO(10)

Dimension four: 16% = 771UDD<%> + néQLD%

+ ... dimension five : dimension six

2
left—handed neutrino masses: My, ~ MUp (%)

: \UPirrjz . D CLepton 74 rjy, .
Fermion masses: )‘ij QU h ; )\ijOWHQZD]h S Y L'E7h

]
Flavour universality

Freedom from anomalies

What can we learn from string constructions?



Extra U(1)'s beyond the Standard Model

e.g. PLB 278 (1992) 131 —  seven extra U(1)'s
U()zr = 25+ =3T3
The U(1) combinations
Ug = \/—( (Ur+ Uz +Us) — (Us + Us + Up))
Uy = \/B<U1 + Uy + Us + 2U4 + 2U5 + 2Up)
Uro = \%(Ul —Us) , Uy= \%(Ul + Uy — 2U3),

Uys = \%(Uzl - Us;) , U= %(Uzl + Us — 2Ug)

Pati, PLB388 (1996) 532; U(1),;, in conjuction with U(1)g_r, or U(1)y

provides adequate protection as well as allowing light neutrino masses

PLB499 (2001) 147; the extra U(1)s are broken at high scale



Patterns of SO(10) symmetry breaking

The SO(10) — subgroup b(y)1):
2

L (0} 1 2 1} = (3333335} = SUG) x UW) U0) U() V()

2. b{p1? 7t 77 7'} = { 11100 000 } = SO(6) x SO(4) U(1) U(1) U(1)

(1.+2.) = SO(10) — SU@B)gx SU2), xU(1)cx U(1)y,

SO(lO) — SU(3>C X SU(Q)L X SU(Q)R X U(l)B—L

2. b{i 0t 77 7Y = { 11100000 } = SO(6) x SO4) U(1) U(1) U(1)
2
_ 9 111 111
I-5 -1 22 3y _ r~~*an-—

SU( 3 )axUl)gxSU2), x SUQ2)p U(1) U(1) U(1)



U(1) matter charges

In cases 1. 2.

= Quu),(16={Q.L,U.D,E,N}) = +

== the U(1)] 2 3 are anomalous

In the LRS model of case 3.

= Quu),(@r, L1) =

QU(l)j(QR — {U7 D}v LR — {E7 N}) —

= the U(1)1 2,3 are anomaly free

1
2

_I_

DO —

DNO|—



The U(1) combination U(1) =U(1); + U(1)g+ U(1)3 is :

a. family universal
b. anomaly free

The Baryon number violating terms :

QrQrrly — QQAQL
QrQrQrLr — {UDDN,UUDFE}

are forbidden

The Lepton number violating terms :

QrrLLp — QDLN
L;L;LpLp — LLEN

are allowed

The fermion mass terms:
QLQRh and LLLRh and NNNHNH .

are allowed



STRING DERIVED LEFT-RIGHT SYMMETRIC MODEL

e X12 X34 X56 ys,...ﬁﬁ ?jB,...,6 y1,27w5,6 ?j1,2,@5,6 wld pled 7/}1 ..... 5 7—71 7—72 773 ¢1 ..... 8
t{1}1 1 1]1..1 1.1} 1.1 1..1 |1..1 1,..1]1,...1]1 1 1/|1..,1
sftf1 1 1/0..,0 0., 0.0 0., 0.00.,0/0.,000 0 0]0..0
by1/1 o o0 1., 1.1} 0..0 0.0 [0..,00.,0{1.,1{1 0 0/0,..0
|10 1 o0]0., 0.0 1..,1 1..1 (0..,0 0,..,0{L..,1{0 1 0/0,..0
b5/ 1|0 o0 1/0..0 0..0[ 0..0 0..0 |1..,1 1..1/1,..,1]/0 0 1]0,..0
¢M X12 X34 X56 y3y6 y4y4 y5y_5 ﬂ3g6 y1w5 y2y2 w6@6 QIJJB w2w4 wlu_Jl w?’@?’ @2@4 1;1 ..... ) 771 772 773 qbl
a0 0 0 0|1 0 0 O 0 0 1 1 0 0 1 11100 [0 0O O] 1111
glojo o0 0|0 0 1 1 1 0 0 © 0 1 1 11100 |0 0 0] 1100
/00 0 OO0 1 0 1 0 1 0 1 1 0 0 |[233200 |3 & 3|1 313

Gerald Cleaver, AEF and Christopher Savage, PRD 63:066001,2001.

3 generations;
3 untwisted Higgs bi—doublets;
Fermion mass terms arise from N = 3 and N = 5 superpotential terms



Moduli?

Untwisted moduli — > shape & size of the internal dimensions
Twisted moduli — > arise from the twisted sectors
T6
models
ZQ X ZQ
T61 G[J : B[J [,J:1,°-~,6.

untwisted moduli: coefficients of exactly marginal operators

moduli fields: massless chiral superfields with flat scalar potential

Scalar couplings of N =4 SUGRA
S0(6,6) SU(1,1)
X
SO(6) x SO(6) U(1)

internal manifold dilaton




Up to orbifold projections

70 S0(6,6) - ( S0(2,2) )3
(2)

Zyox Zy . S0(6) x SO(0) SO2) x 5O

= 3 complex structures + 3 Kahler moduli

In all symmetric Z5 X Z9 orbifolds
We would like to identify these moduli in the fermionic formalism
In symmetric orbifolds:
EMO — ox'ox/
x 1=1---6 — 719

1 _ _
3_8—/% (Gry 0x'ox’ + Bryox'ox”)
70



In FFF 0X1 — yiw!
2’5’X£ — U(1) current in the Cartan subalgebra
In the fermionic language
ic?Xi — Jl]; — ylw!
= 0X19x7 — JL(2)Jp(z)
— WS Thirring interactions (R — %)JL(z)j(Z)
Thirring interactions vanish at free fermionic point with R = %

To identify the untwisted moduli in the free fermionic models

— find the operators of the form
I/ N 3T/
J1(2) T (2)

that are allowed by the orbifold (fermionic) symmetry group



Bosonization

1 ) . ) . . _. .
e \[§<yi +iwg) = e, = 5 (yi — iw;) = i

simlarly for the right-movers

Boundary conditions translate to twists and shifts
X1(2,2) = X1(2) + X$(2)
Complex internal coordinates

Zp = (XX gt = (T i) (k=1,2,3)



Untwisted moduli

S = / i (X)JE(2)Th(2)

E ™~ yiwi v =1,---,6 are chiral currents of U(1)6L
sz ™~ é]&*j g =1,---,22 are chiral currents of U<1)%2

hij — scalar components of untwisted moduli

some of these operators are projected out in concrete models

= some of the EMO may not be invariant



Models {1,5} N =4 SO(44)
SO(6,22)

SO(6) x SO(22)

X' ® %6 |0) moduli fields

Moduli space

6 x 22 scalar fields
Zy X Ly {1,8,&,&%} + {01, b}
30(12) X Eg X Eg ZQ X ZQ

—  SO(4) x Eg x U(1)? x Eg

The Thirring interactions that remain invariant are

1,2 71,2 | 34 3.4 | 5,6 75,6
J IR v IR v IR
yL2012502512 34343434 5.6,)5,655.6,5,6

These moduli are always present in symmetric Zo X Zo orbifolds



in realistic models

{1.5, 6. & {b,b} & {a,fF, 7}
N =4 N =1
E8><E8 Lo X L9

new feature  Asymmetric orbifold

the key focus: boundary conditions of the internal fermions

ly,wly, wj
WS fermions that have same B.C. in all basis vectors are paired
pairing of LR fermions — Ising model — symmetric real fermions

pairing of LL & RR fermions — complex fermions — asymmetric



STRING DERIVED STANDARD-LIKE MODEL (PLB278)

e X12 X34 X56 y3 ..... 6 §3,...,6 y1,2 W56 §1,2 056 | LAl ¢1 ..... 5 771 172 775 gbl ..... 8
111 1 1]1..1 1.1} 1.1 1..1 |11 1,..1|1..,1{1 1 1|L1..1
s/t{1r 1 1/0., 0.0 0.0 0.0 0.0 0.,0[0.,0[0 0 0/0,..0
bb{1]1 o o0/1..1 1.,1] 0..0 0..,0 {0..0 0..0/1..,1/1 0 00,0
b|1]0 1 0/0.,00.,0/ 1..,1 1..,1 {0..0 0..,0/1..,1/0 1 0/0,..0
by{ 1|0 o0 1/0..00.0 0..0 0.0 1.1 1.1[1.,1/0 0 1/0,..0
¢M X12 X34 X56 y3y6 y4g4 y5y_5 ﬂ3g6 y1w5 y2g2 w6@6 g1@5 u)2w4 wldjl u}3@3 @2@4 1;1 ..... ) 771 ﬁQ 773
alf0O]0 O O] 1 0 0 0| 0 0 1 1 0 0 1 1 11100 |0 0 0] 11
Blo 0 0 1 1 1 0 0 O 0 1 1 11100 |0 0 0] 11
y[0|0 0 O] 0 1 0 1 0o 1 0 1 1 0 0 |35535 35 |3 5 3|501
Asymmetric BC' = all untwisted moduli are projected out!

all y;w;y;w; are disallowed
can be translated to asymmetric bosonic identifications
X, + Xp — X; —Xp

moduli fixed at enhanced symmetry point



Twisted moduli

(22)b;Dbj+& — (16@10+1)+1=27+1 = twisted moduli

all twisted moduli are projected out



A STRINGY DOUBLET-TRIPLET SPLITTING MECHANISM
NAHE — ol 20 + c.e. — (54 5); = 10, of SO(10)
a — SO(10) — SO(6) x SO(4)
Y3ys yays Ysys Yoo Y3Yye Yays YsYs Y3Ye
1 0 0 1 1 0 0 0

Aj = lap(TY) — ar(Ty)]

A17273:1:> h] h] 7 =1,2,3

A superstring solution to the GUT hierarchy problem




MINIMAL DOUBLET HIGGS CONTENT
(w Manno & Timirgaziu (SLM); Christodoulides (FSU5) in progress)

4

¢u X12 X34 X56 y3y6 y4g y5g5 g3g6 ylwf) y2g2 w6u—)6 g1@5 w2w4 wldjl w3@3 @2@4 1;1 ..... ) 771 772 773 ¢_

alofo o o1 0o 0o 1] 0 0o 1 1 0 0 1 1 11100 |1 0 0] 110

3 0o 0 1 1| 1 0 0 1 0 1 0 1 11100 [0 1 0| 001
111 1 1 1 1 1

vl o 0 1 0 0| 0 1 0 0 1 0 0 o |iil 1 1 p1l 1 179gg0g

SYMMETRIC < ASYMMETRIC

with respect to b; & b9
hi, hi, D1, D1, hs, ho, Do, D5 are projected out
hs, ha remain in the spectrum

AthtgiLg with A+ O(1)

No Phenomenologically viable flat directions



Cleaver, Faraggi, Manno, Timirgaziu, PRD 78 (2008) 046009
Classification of F and D flat directions in EMT reduced Higgs model
No D flat direction which is F-flat up to order eight in the superpotential

no stringent flat directions to all orders

Suggesting no supersymmetric flat directions in this model (class of models)
implying no supersymmetric moduli

only remaining perturbative moduli is the dilaton

quasi—realistic model: SLM; 3 gen; SO(10) embed; Higgs & A\ ~ 1; ...
vanishing one—loop partition function

Fixed geometrical, twisted and SUSY moduli



L X Z, orbifolds

torus: Onecomplex parameter Z =Z+ne 1 * me,
T2x 2 x 2 —= Threecomplex coordinates z, , z and 2z
Z, orbifold: Z = - Z + 2 ME§ 4 fixed points

Z = {0 , U2g , 12¢ , U2 (g + ¢ ) }

a:(2z1,2z2,z3) —>~HAz1, -z2 , +z3 ) —> 16
B:(z1,z2,z3 ) —>+(z1 , -z2 , -z3 ) —> 16
ap:(2z1,z2,z3 ) —>+Hz1, +z2 , -z3 ) —> 16

48
'

V:(z1, z2,2z3) —> (z1+1/2, z2+1/2,23+1/2) ~ 24

T2x T2x T2

LX 5




NAHE-based partition functions: w Carlo Angelantonj, Mirian Tsulaia

Question:
7" | SO(12 .
7 % 75 > 48 fixed points 7 >E Z)2 24 fixed points

Zo shift 148 «—— 24

Is this the same model? In general, no.

shift that reproduces the SO(12) lattice at the free fermionic point?



Possible shifts:

Aq ?XLR‘%;XLRT%%WB%
AQ: JXLR—AJXLR%—2<%fﬂiZ%?>,

Ag : XLR—>XLR:|:——.

Using the level-one SO(2n) characters

1 (V5 VY (V5 V)
02"_§<77_”+77_”>’ %”_§<U”_U”>’

QWZ —nﬁn 1 S/ -—n ?
<?7 o 77”)’ 02”_§<77_”_Z W>

St
S

|
Do —



Starting from:

X0
7 = (Vg — Sy) Z Am.n (016 + S16) (016 + Sm) :
m,n
where as usual, for each circle,
i m; | niR;
— +
PLR = R = "

and
' 9 o 2
q%pLg%pR
Amn — 9
i

Add shifts : (Al, Aj, Al) : (Ag, As, Ag)

(48 — 24 yes)
(SO(12)? no)



Uniquely:

g (Ag, Ay 0),

h . (0,As, Ag),

where each A acts on a complex coordinate

(48 — 24 yes)
(SO(12)? vyes)



T1 - COMPACTIFICATION

X X~X+2mTRmM

- 5

Point particle

W Exp(iP X) =>P :r_;

' _m L nR
String P = oo T

(xl




T - DUALITY

2 2
masd = (ER) + (n;_/R)

Invariant under

R

«—> — with m<— n

1
R o/

An exact symmetry in string perturbation theol

Self-dual point R %’ = free fermionic poin



