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M otiwation

On the one hand :
® extra dimensions — wch Lraomecwodk for

buttding highly sywmetne , potentiatty
wealistic models

® powerful geometre Sqmm. Greaking
mechanisms ( Hosoten!, Scherk-Schenre,
brane-to-brane mediation )

® arvise tn séw'mj theory ; can abso be
discussed consislently in eff (ietd theory




On the olher hand :
. /aw-ewrgg/ SUSY remains most
S‘c(CC‘essf 714 appraacéz {o h{?rarcéry pmb@m

o i mimimal model , SM gauge couplings
meet al  ~ 407 GeV/

, fh{erpre{rhg v-masses within the SM (as
au eff [ietd theory) |, the operator = R
pouts to M ~ 0% Cel/

=> S{Wg moliyation for 4d e lied theony
descriplion up 4o 40 GV
+ higher dim.s at that scale
(‘e , orbifold CUTs)
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Basic struclure

( (’om/aaa‘f/ by “modoling out" discrete s(’ymmeérg)

Z - transl e o S
= S1=R/2Z

Z— ﬁ-symw, —  Scherk-Scheare —frea(crhy

Z — G @aajz ) — Hosotan: mechanism

(¢ also  CY- comp. of helerolic _c{whj )

é -V!f(éC(('OW: m - 5197 dim.
=> fall-bine = R/Z, . intewral - St/ 2,

ﬂlvea/ ,00:?4155 = S{fﬁuén'&'@_f = ,GDMA' toith
réduced &gmm&(ry

m Sénhj Lheovy s‘{?«yu@aw‘!{e’f do nol destroy
UV-compleleness of the theony
m frebd theory:  more Lreedons w model &n'faﬁhj
but: « some loss of predictive power
» more UV sensilivity




SUs i 5d al |

Kavromura ‘00

4//: () s e

YzZxZ!): Sl s

Z' linked Lo P = diag (444-4-1) < SU,
SO, i 6d

Asaka, Buchmiller, Coun ;
7 / (Zx252") St'x L Halt, Momura, Olon, Sinith

& (724
T Wibon lines

' with vablues P. €50
?XSZ(ZX SC{Z ! o [ A0

éjhé (/1{%45‘ Adoublet  (riptet ﬁaéaf‘a//j ﬁé‘dwy /)
from Gtk 5 of Willen ‘#s ;... )

or simply bahl dowblet Lron brane

(o trplel exists!) (4 H Mavch- Russetl o1 )
dim-S proton dery absent (coull even be

Complelely {orbidden) (Allaret?;, Brustiy
Hale, Mownera o4 )

TR I
a”!f!('a!(dlﬂ a:{ 1077 Ge\/ ((A)fl{h _;Q,{_ Nl&‘r&v)
untess: _power-taw effects
( Dieves, Dudtas, {.fhrge#q 97 AH, Whstphal 02)




Growp Theory - Fundamentals

spal:?? bl ki x—x! é—agauje ot P< G
/4/,‘ () = PA,“ (ke )P~

=> _S'{,(VU{Ufhi jmu/o H dc‘f.«hgd 53 h=PhpP1

onetwst: P=eT . T < Gutan subaty. (G )
=> paulc preserveo
bwo_(or more) twists: P=eT . P'=eT’
for [T, T'] #0 , rank reduction witt wm
gememf occur
/}Aéere:éthﬁ oplon: (T, T'J+0
get PP'= PP
=> ponk reduction on abebian orbifobds
(s possible
( move details w talk of MRatz)
Jurther:  one-step ronk reduction + other
possiilities i outer automonphyims




/or fyﬁ@maéft sthuoly : 7

- Dgnkcin_dlizgrom techniques

s'f}fnpé'e rools + Katsulcc el al. '$9
nmost negative root 8 Choi | Huang , Uin, '03
Al , Ratz | ‘032

ﬁr (xam/pfe: 5’0’(0

.S-qusc(zxsﬂ(z S&S-XLQ
twisd 5 Zeoist f;

= the twist B-F, leads to SU'x U,

A2 bewralic gé’memé’zaébn :

E, —> SO,xU, ,; SUxS, . SO/ xu'
E; —>  Egxll, ; SOxSU, ; E'xl
Eg —> Egx SU, , EZxSU, ; ExSU




Maller and Hfzi: Lron gauge

e use etra-dim. components of gauge /’fe/dy

« also: Watari, Yansgida 02
Babu, Bavr, Kyae , '02
Burdman , Vopyra 02

to be move predictive than_ simplest ovbilotd CUTs:
o understand brones

o or: denge moller 8 H’éf: /Vam bulk
CSUSY lparé.m’r.r of brokcen Jauge (1ol )

(dealy: Yukawa couplings lvons gauge
couplin 195

achieved so /ar:
{0{ A/:Z S.VM i fmf?f E? ; E:?

\
4d V=41 models toith ‘/Er:é 4 vfeme{ra{fbm'

+ tt/%q_f Adoublets (+ U's ov [flavou Sl )
(Some of these models use generatized
methods — coniloto CUTs (pext!) )




_geomeérq
5 or Interval
@, S
P P’

(assuming local /faémery )

Tovus @
Cylindler etc (:O

Pllow etc =
o) ") < breaking linked
to Wibon bines
(Bt stitl ﬂived 5(7 boundary Conditivas)
more geweraé,f

'(’am'/o(o( Cuts "

2F
(j&(é!hj ﬁ?yeék@y two arbf{mtry
(dentcal polygons )

= Man{old with S*-fopology + conical

S:hju&m’(!?! with avbitr def angle + libon

lines
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Nown- bpcal 5@01«%{;

Orbifoldls: - points coith reduced symmetry
=> arbitravyness wn (et Lheory

Hosotan: mech.: - brea/a'orj s non- bocal

= Wilson- bines are moduly
This is quoded /;/ ¢, 1y f/h:‘{e /

(fambiar J‘!n&rj theory :  Dixon ef al '3
Wen, Witten 'pS )

Simplest example projectise p&me

S‘phere wa% Cross Cc?/o

- ¢f. Hall, Muvayama, Momura, of
product ‘of two such lgos is con traclibte

=> gauge toist P salisfies Pi=4

=> ho Wilon-bine modybus

Problem: bull curvature
(— SUsY . ho massbess /ﬁrwrbnr )
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| Pésrz'bt’e solulion: Fiirapalian)

&MC@Mfmée CM/Va{L(re at‘ Com'mf

Singuborities with fult CUT symmebry!

[ 3 (s symmete
P- ,:f) '6 g /f,;(é’d‘/ po:?m.‘.r

breoks Lo =
e SUs ; 64 W=2 SUsy

o 3(?76:«? onstruction as T, [(Z,xZ,!)
o Gd eff theory 1 StxStyxt,  N=ASusy

I’é’(fwmfmhj fpméf&m

Aoublet - triplet -S/oﬁ'{é(hj
SOLUION! | olot coithy SU
(5 Holl, Vomura, Simith . Faccetti, Schmadt, Tavarthitedse )
e break to SUcx U, at {ixed point
o break to SUy,x St,xtd, (SUs—>SM)
at crosscap (non- fom(é’y /)
=> SMxUy with laht Higgs doublels

(" Lrom gauge )




(onclusions

Orbr'/afd CUTs - Mgaa@fy the fzfxw/o(e.r{, ?/(’x((y

fully vealiskc GUT moddels (Sd SUs | 6 59, )
Price to pay: « only 4-boop precision in gauge
unilication

* no_ K(ﬂéﬁ'fc ,Or‘(o/r'(‘é('crft{y th

matler/Yultawa seclor

FPotential: e zhoproquy pré'o/f‘cé?/:'t‘y (Lendler-

S’éana/rhj brones, non-local 6«*@/«@)

o deviving the matler seclor
(maltler [Higgs from gauge
fmg(r Jroups, move dwmensions )

/D!’Umﬁf{;’?g boééom—up d{ppmach !- Comp(éﬂ«rg@(arq

to stving- based efforts




