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So fav we thave:

o SUsxSU,xU, "Vits na(um/{cf " SU
(is a maximal 5«{7#00/0 of)

o SM f(rmzbm ﬁ'/( oul A0+ § 0(50(5-

with Susy , the measured S Jauge

Couplings ave reprodluced YA

Gur = 25 at M, = 4070l

®

e the meaSured neutrino mass Scale
's reproduced 1 the relevont
Wighev-dim. operator (s Suppressed by

M= 4075 Cel/

. g/('/m My = 075 Gel/ and o(a;: = 25

the 5/"/'7/0(@4! S{V/hj -ClUTs /orm/z‘c{
MCur = A017 Cel/

/r’tymé’(y . CUTs are our Best guess
/OV (qofmy ‘Jegond the SM.
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recall: ¢ - Upu o

Z o = 0 (fracelesies) ”
Suo > (é()

hocoever: lov 4 ~ (222’3 )
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SUT #/(ﬁgf ¢ (24 of St ) |
SM Higes H (S of SUs) ($=3+2)

+ alreody the minimad potentiad is (om/g&fcaém
V = mg k@, (hg2)*, kE7
mpE HH v )=
e @2) (HH) o H*@*H
+ heed to arrange z,
Prin = Y ( 3 )
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. femﬂu}zj masses ,/or doublet (d) & tnplel (Y):

z _ 2 o rE o, N 2 14
m, m, + A0y > peed ~ o, (10" 6v)

~ 2 V2 - ~ 2 2
md = (MH + A0 —> hneeA mew (10 &V/

Ao dbrl - trplel -Sptlit ({'mi ’

Aecay Constramiés (ova Hy )
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Yukawa_uniicebon  (very brief)
SM /'/z('ﬁf He 5, of Suc
Maller: 3x (04 + 5, ) orZ SU,

possible Viukawa Couplings:

SO v Sy 1% Su
Inarance é’y lhvarance
Contraction with 5,"[-4,(,“ o8uious
Srol v ‘
gmem{fon : A A , A

=> A, = A¢ et Mg 7

(dfé(V WVW)IHj COMS'!Sé(MLZ torth meéasuyed ‘
oco- energy values My, ano mz_) w

buts obvivus problems {ov lght gemem{/'om

possible Soluton: hz;c;her'd/'m Opém(ow

(recall 24, —> U-24, U™ )
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7‘1(7 new ingredient : Extra Dimensions
(heve: fust on a gimple | field- theorelic
level | as used gy Waluza & Wlein

howtver: well- motiatled i S’(nhj th eory

efpecfa[/g al My, ~ A0 GV )

recall
4 — —
space R xS / O ”, 2r R
s peviodic Lunclions

'[’fe(o/ éheorv(/ on that space :

| 2 e e
@ = 5 Py () Cos (ny/R) / v\ /.
+ % G, (<) - Sin (ny/R) 7 \}//ﬁff
n =

low_energy physies:
e described 5; O-modes (n=0) of \/_)1'@/0/ @
e Kaluza- lclein (ki) excilalions stard ot
mass L o 407 GeV/ |

R
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| 0// 8 neco e : 2&2 uge \r’ymm. éreala'hz
é/rmuz& etra-dim. shructive

1) consiler R 3 ST with radins spatl
ehough o bc unpbservalle (lc- itea)
2 consicter ST as ST= R/2Z
(ohere the action of Z on R 1§ Ae fiieof

*{g ne x- —s X“-@er/\a-h/

RS
e e =

~2nR 0 onkR 4r R

3) move (7(14(/?:/(7:

M - extra-dim. Wzam'{o(o(
_ﬂ/_(___— 0(/'((#(\[6 S’ymm. Oo&oa/o (91[ M
(&ek; (X—-—»éx‘/

/Vé/( -~ /MdM/'éJ(o/ 011 e?a/'V‘a/éhce Cfarfa/
tolieve xe ~x+! z/( I & ol sl x

(M/k 5 /)fmw}(o(a( 00:/"7 zf/ W acls irge/?‘/
/Ie, £ x- = x ,t(”)(/_{omex* = é=4)
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| ‘d COMSfd(V yauje—j%w({y on //qu/"( K

{ K — C be group hontoniovp bicn ;
K acls on {ield space:
b At —> UKA LS UE
«in Jrelol {&ew(y on Mk, ouly (ictls are
alloed {thet are moardnt wnde K-
Cxample: S R(z

-

U

Py
A

—t —zi'./? > => A/L‘K'DM/“

N
‘7 /6:4 = cousd. /s {OV&‘o(o(’ea

= Jouge sywn breolcing tn eff. Gol leety

§) more abstract, fmme#w'm( faujwye:
gaaje connection s sucl et pam/&(
transpovt arownd ST & pon- tivial
( Cilson Zoo,a 1 4)

obvious problew . precise vrlue of
[(/-/ao/o s modubus

(:9 Hosotanc 3’3 )
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M/K (emc!/f/ as be{'ore/ , but with a
non- free  aclion of K on M

5‘/}:4/0/«{ example : R/ z,
(22"'{'{,’/} , A% =—x‘)

> { ¥ >

0
0 / rxed /OOI'WZ(

R/2, for scalac fiedd o1 two possibitilies

@ gﬂ(x —> Q(——x}
@ GO) —> —px) <= this case, ¢
will hove no 2ero-moole
R/2, for gmye /('é/o( /5,,: |

¢ a
cevtain components A Can be forced

|
|
|
1

110 WVI/:CQ OLZ /13(60/ ,001241[
= /;7 CO(/I{I’&S’{ {0 /(/f&&m bine bf(&kl;’ly, Or/‘),/()ép/f
[’)fea/(fny beadls to specfic points cohere 5

the Jauge Symm. e brolcen | 5

( C-/: Dl‘xom, Hatfaey/'%:ﬁl Wittew '§#8 for
ovrb lolding v striwg theory )
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Simplest realistic orbifolol CUT
Uowamura 02/93 ~A2/00
d/“f". S’%{%x?a') abo:
Ablarelts, /Z?n(j(/o
///g x2,') Ha” Noniwa

/Dhyf S"DQC’é:
Q {jzl R [0 Fi’?]

Choose: P=4 P'= ("1, )

-1 .
remoues 2ero—mooles breales gauge Sqmm
of all A -fiedds Lrom SUs to S™M

Luvthermore:

let Higgs = § e in the 4
Hg) =PH 4/ H (g9 =-P'H (- y’/

=> Ol {7»‘&/0«(%{ Survives! /




/h SMWm&rc/:

S‘{g xSC(szQ
| brane

Sl
bl

. [ °

A
’ e /{0/&&(/ : /Olfmlom deCczV«/ L Be
Completely Qroipled

e aitlf('call'om pwd('c(«bm Vemau;w as (7000(
as wusual Aue to dpminance @/ bbb
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m more Aetqil: - £ o
S —Y4s i gpp
8(y) F/Z’ / dr ';t{ c.F°
oé'."' £z 9 ;

A28 « 0¢) corrections
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(4d)  SCq Fritescl, Minkowsled

Can one do belle than 40+ S + A per fenem/t’oh?
f

Ves ! rh. needvno

SO

Can be understood {7 L\)W'/fn:?

(n) i
7
6Bvious “ £+ o o8vous

So,, acton SUs action
(Sma lle, Symm. //

w>

Meeo bl’a(nc%iaq rules
€9. SUg > Sl x S,
S = (34 + (42)
here ee heed, ¢ 4., S'O(o > Sl

40 = $+ f (\L{w:exl/
| f |
| nole: 40 {g_@/g& Numb evs
/0,-)97...'&0 5 X,(H'Xz/ 'X3*"’(/a

-——

g X("’XZI /Xj"’xlo
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Cvuceal ',00/;/1{ /Or SM matter:

SO has a spinor repres. @ A
(jot bke the spinor 2 of 505 or 043 )

é ronchuing pules:
S040 > SUs

k/7- neutvine

40 = $+5 J
A6 = /(0+§:+/(g
4S5 = 2¢ + A0 + A0 + A

Tltees $O, with 40 & 3Ixdé
(7/0( SM witl, 2 M("Zifer /

even Beter

( ,«Z) ,géfp/wz => Masses /OV /Vl'p(e{f, but
 not for Aowblels

(- Dimop oclos - Wilczele mechanisn Lov
dOM 5{((- (V(}Q(({-S,Of{’#{('mj ; 'X/ / .
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oh« 50,0 fo S1U

SU.x U, SZ/SXQI SU, xSt x5,

\ L /ﬂp,m(sa/ Pat:-Satarn 73
U /

fd{gxﬂ(zx%yx%y
L ;’\;4 —
fote: o SUS > SthxSl, of SM, 6ut not
the U,

o /&,'o,oed SU- and Palr-Selam are
not “real' CUTs since they don't
predict  coupting cnilicabion

e i no S sufgroup & Speafied
Sagxé( & ﬂ(_r(x&f’ are eguiralent

e S0, — S(/(/xﬂlzyﬂ/ — SM 5
a ,004’5151647 of non-SUSY uw('(mézon
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Aka a/://emam‘ pmpom? &r non-JUSY

unificotion:

(Spf ok Supersymme€ry “

- Avcani- {amed | Dimapoulos

g udice Romanino

. a('cepé //ne—éo«mfmj ‘9v[ N/(}jr masy anol
brealc SUSY al Nigh scale
i S’?MGV[(J' are /zeavy (2 W0C6V)
. gm«j/'&zoy & ///ﬁéﬁfmaf are Z(%f
Ctals & t’-ec&m‘(uf@ natural since
ﬂzég are /émlbny)
o unification stll worles since the

S?aw&: Come n /u(é 56(5 maZé(/b(eéf
and Aot outribule {o the

Adillerential running of Couplings




bacle to § Oy, 22

o the SA SU- model does not a/frec(@
gﬂmfa(ffe {o $0,, Since there /s no

approprlate Z, - automorphism of 04

o an nteresting possibilily exists i d=6
v y

= Asalea, Buchmuller, (oor, ‘o1
Hale /f/o(/nam, Oleur, Smith , 04

z, ‘ |
. Voéaé(blﬂ , 7“2/2?—
modded out”

gauﬁe - bBrealun 14 o’g w@/’/o(’dzhy Corv ¢spovicls
ko Wilson bines avound “Cornevs 01/ the
pitlow" : SO, . St U,

‘ SMX %n

Cin foct | one needs T2/ (2x2%%%"))

Syl
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Techmical des pr/(bw !

° 7; (s oblamed 5g modd(hjoaf transtelion
é’éélz’( ()VOW //?2.:

T T T K oo e cowe SO e O

j._,,,.,h. o o o v o ;
/’und. Vej:bn

o this latlice has a Z, rotation Symmetry ,
which can 8e used to /wé/ﬂ(r reduce
the fund. space

° /7(6‘} /M(’?O/. SP@C( /'S, éhe I/plcggawl/!

inmr ] ~  com cure om @

/15(60(/00(;1{5 |
N

wrmar s S P awe  wmom e e o

- we e gm ewm

p
ovners"
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Jor /arqe groups , more powerlul tools meede

let 7 be the lie-a. of G
consider 1€s action onm f{s‘e@/ :

X oY — (xY/ (aa(//'oz'né re,ok)
a’z'ajoma/fze may. set of operalors

{H: §  (Grtan subaty.)

dim (e} = rank (&)
normelize them

tr (H:t) - A (/((Z/w'zj mebne )

the other generators (vectors of g space)

are Comp(eée@ chavaclev reol @ Lherr
F/jfh alues

[’L/(', gd] = a/z'go(
( oy - vectors in r-dim. "“voot space” )

e order the o's:

x-/3 >0 &> {/xifs( vion-2evo Component
 qem e
the smallest v posilie poots /amxt a bosic!



_/5?(4/10(/.(' éxe ufp@: |

oclel o‘[ S 6(3,
( //é vour)

o the abwe yrctors are called yoois
o éhe oo d/k/{hoywlrhed vectors S c{f/ (ce LLO

5(/(/'(d é[te 4)%0/6 Mbij (gy add/&(j &
/&;0 P (;"j Sign ) = Simple roots

— Q/qw/«'m A@rams . ey,

famam Sevies:

Qo « v
6—o \Y
<D---—o—-j:oJ S(’(J‘
Qi) =D O Solo

0 QO —Q—0—0 &6
' 6¥

0—0 —0—0—0—O0—O0 (:’6,

Oo——0C

{"0(/ Sé@

o — 5/(‘44/066 Vooﬁ

— auj(( A20°

Lelweey them

(4 €76 of
heterodic S'i(l‘l'i:? )
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Table 5

Dynkin diagrams for simple Lie algebras. (Black dots represent shorter

roots.)
1 2 3 n-1 n
o S Sl
heq o4
1 2 3 n-1 n
o—0—~0— -+ —@ 5 80,
n+l
1 2 3 n-1 n
6—@—8— - —& D sz.n
. n-1
1 2 3 n-2
0—0—0— SO so
2n 2n

1 2
=3
1 2 3 &4
0—aT—>—
16
0—0—0—0—0 E
1 2 3 4 5 £
N
0

Suipying japou patfiun so0f Kiody; dnoi) ‘Kysuvis N

,t'r()m f(aur&), f
( /%7:- /Qe,o.[)
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Name | Real algebra - Extended Dynkin diagram
A, |su(n+1)
St
AUn-2) Xn-1) Y(n)
B, |so(2n+1
( ) ....... O__O @
Co | sp(2n) 0 __CO  %m Gy ny
(1)
D, | so0(2n)
0
Name |  Extended Dynkin diagram
‘ 0 X1 X2
Ca — &
F, | 0‘) @ % oW /’M@S‘é fl{jaé
root
Eg
) O‘(l) o‘(2) “(3) ) X(5) %)
a(8)

G(1) Q2) 3) Q4) Q5) %(6) X(7)

0
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0/’@/&0(6//;7? £0 Qh_j MQXV(Z S ubZVmZD

ﬂvcmb'n’r prefcm';a/:bn (57 )

“remove any Hocle fmm exd, ngz/«ir dz’ajmm “
o O
g é ©®

5010 —> S%xSC/Z A

guq orbz'/o (o/fnj:

P = Qrp (Zm' V/L[)
PELP™ = exp (2nilfa) &,

Pl P " = .
e 40 remouve %) choose |/ ~ /;/"/
HAual Basis veclor

') /
/le( : O((‘/) ~ 5(/.
. {o check ,@V_ sarvial of @, look at
Coxeler Calels

)
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Maug /arl her :'nlé’(/erlz’uy posscibilities,
J | L . M

s

E€ 2 SO/o
FE = ¢S + A+ L6 <+ 4
(adf.)

( d&o’l the faczfe _Y/}‘(/a(f contacl
the (/z('jlf\l ,?aaa{am Wcembers
for a Sl Jeneration )

298 = (£4)+ (478) + (3,22) +(3,27)
anol
gé = Solo

727 = 4+ 40+ A6

(brerytimg coudd come flon. ;aajzi 3

In higher dim ensions !

hote: £, &y have only real repr So getting
the chual SM s %Z/f(’@([ h A=Y
(but easy by orbifololing in A >4 )




higher- dlin. - Spinov_representabions
(needed for S0, CuT R for FT in o >4 )

consider SO (2n)
mtvoduce 7, (& =4--2u) tth

30

{72 53 -2dy 4

(Cilford 2ty )
tel Ja © $ (e —laey) ﬁ*"' ;f{ (//IZ ”‘/Za-//
(a =4-n)

=2 ‘[}&,]f} = e
Aefine : 10> coith y,lo> =0

= the / ‘s crecte é//‘(f(nlf/aece 0‘/
n Lemionie oscittators

(Zh&/-a/e.r)
€ [¢2 = [++-—-+> lor n=5

/j;ﬂ = 24[/3,/%7 forn. 0, -lie- A4

= 50, acls o $prnors




mtroduce [~ = "'2/'7/"' .
(re=a {/”/ } )

- . .
P, = 127 _ projeclors on two myariagnt

) z fu&rpacer o/ 2" S‘,Olhorr
Z_{of r 30 25 = 32" A6 + AC
(with, soq Cren & oolof
humbev a[ LA jhf)

* 50, jemmfow: /6/0 fevo Si9us m | ++—-+>d(

J SL(S Cyewera Cors: /};((Vchamje oo :Q'ym'

Thus  under 50, > SUs

A6 = A0 + 5 + [
eren number teoo ,ﬂow ho
o/ g, (7m" “ o Gurs “dgons 1 ”ﬁjn

- —~— o

one SM™ 56016(/?7&5!4
+ rrh newtring

(total singlet )
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SUSY tin d>¢ ((fery O'r:'e.'/)

. ﬂ« CVUC'("GZ /DanL O'Z éhe vﬁ(lp(k—/%c;d(‘. —)Kf. )
{’52( @ } ~ P (Schematic )

gemra&'ea lo d+4 , 6ut not ina trinat
(wnrersal ) /g

o ossontial dillicully:
varying /ea(wef of minimol spinor

A-% ¢ 2% 4 (Dime) — 22 (Lgt]
\2‘ Yvent (Ma‘/'omwa)
A=5: 2%=¢ (Divac) — ho /wfééek
| reduction | Since
[7= [ (5 elready
th S0(1,4) - 24
A=6: 2°=8 (Dime) — 7.4 (L2
(o /"(a/btfama/

A=t 2°=32 (Dimc) - 2.32,, (Myorans)
o hisher SUSY FTs lanocon




as an (ustration:

o Minimal A SUSY can be crdlen as
(0,331 2605 B
S
(Qa Qg3 = 2 (G Clag P”
(\. Majorana

o ether one or the other /OVW ill be
velevant Spea;/('c cases i A #G

48

fov example | tn A= 10

{ @, 04§ =[”;ﬁ(/;0/&( P

" Wc’y( w Ma/'amm

—> (7 ffm(-hdee | ]af (“Gd PA{& A < / P2) 273
A/a/aew/m of /Do&h/m/o €




34

» The “amowut -0/ J"VSV'

d=4 , min S4sy - N=A4 (g xf)
o= 5,6 V=2
(no Viuk. éoa/pfdg.c , Juge-
Coup bings  rum ouly af Ao )
A=78 9, 0 N=¢
( (/1(411‘ /06/(/( gaajg {ézéory
L gty . qauge th. finte!)
o= A1 V=g *
((/'m/ gravity )
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The SA SUSY model n more delalt

(?/M/'Vage//f/xﬂalab 495+ aunol w/r. thevein)

M,/V 0,4,2,3,§ s man 01,23

A A

- ((85) . (07))

bG-Spinor ¢ trved. winder SO (4,9)

% — ((;L) / (//L & 7//\’ ave puiyeol 5‘7 JO(’(/ (,/
R

{d fﬂuje mc«//f/a&/: /4M vecto
Z r¢al scala
A gc’m(?fna
X4 (4”{,2,7/ - ’)‘(a(d(/()«f'/f(@(i :

N

72 -1 F /m/ @,,,Z)+Q/JMDQ+6(4/ 9[£'ij

Susy-tefs S A = iFyUa + he

}‘ — (i_:‘) ~ (olrw’f/'.?ondf lo V=2 Susy
) /Vom G /%VJF(C(:’U@
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afkéady the "riviat’ Zz (toith - 4 )
breaks N=2 to N-4 Susy,

0 &amnjz'aw contains terms llke
A/Q f{ )L
= tther Ay ov A, must be odo Z,

. 4/0 ren = A oot

 Geclor mutliplel: £ A, 9, x3gz}

\D“

«

LTD real SMID(V velol
o swlar mullplet s § Zeids | Do, XX}
= chival Ju/oar/,'e(o/ f

- Meveus ,@jwo!(ﬁ , Jiegel ‘¢z
Avikani- LHamed , f/r(jal}el &/ac/(ey( ‘01

© define aogar dovie 7 = B+ §
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fo( /agrangzkm - (/0( -J‘ugeré(?éa/ (angaaze

e comBine Lhe lowecl-dim. /hmrzb(mf

operators thal con be buitt from V & v :

-———#{/WW+[WW / (2 )}

Su/aerr/(efc( £

}Z=Z-;; #{/&zbf/z-ehc. +[92§122}

o 4o SUSY manfest

* gauge invariance manifest

. 2¢lal. normaliz. of W= & 2% Levous [ixed
53 a/émamo/z'mj SA Loventz i

v |
Lt SA SUSY automalie

The theory can fe constructed 8y starling from
V, /}:émducfnf Ve = e+ @ |, and reguiring
So lorentz i (aéro lor higher clin. 0perm;‘orf/




- 3
The maller mufé’g&é ( hﬁermaééﬁ' (’ez‘)

n components: 1 Ly, FY

\
j’mfary/ / auxl /z'efa’:
Dirac Spinor

90 superfielols
H= '+ yzoy, + 6*(F, + Q- H*- £ZH?)

He=H, + 126y, + O*(-F> D H, - ,Z)

C?&w(?e 14’/' H— e Y ; HE— 'L(CeA

Zajmnjc‘am
_ - 2V, ¢ 2V —c¢ c
< @zél(He U+ M e H)-f{;flq(ﬁw‘hc
Summauj:
gouge: |, ¢ metler . H, ¢
%*pVbl;[O(O(l;’lj! -+ - -+ -
ovr ovr
— -

(A Susy Jmfw've.r)
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Proton decay: 4d GUTs

SUc jau e //'e/a/y: 54{? {)(/Y
Y Xy |Se

(?qu/ "
s apeméaw o # (FE) ()
v g " i

" . :
Amension &

P(fjp—’//e)fv l/./\f
M &hdo/lrolm’c

ccale

[Kefow prefeué Gl 0/ ,//[_, . 57/1033}/)

however : 1 SUSY-CGUTs | the tripled-Hizes

domunates:

ey S’Z/ _ (.T)é coouveol A/::?j_r
ZAN

je—« /ﬂ/mmmc /)atfémer = ;?_Z‘(y/y)//f/?/

E . ”
y/zmém”/o(ﬂ S
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a/ékoajé the reguired é/rem'mjo ’
(%/ Susy parfner.r toads to a ﬂ(fprcmbm/

Al |
< |H
%>‘(%

the V(fm”élhj yate still Adpminates
(eq. p — Wy )
and has been coimed to exclude

the mmmal SUSY CGUT (/”/amyan/ra/ Ferce
‘02 )

foweser:
e the muinimal GCUT s (0 /acz‘/ e cluted
5{/ Yulkawa un///'caéfom /

o the minima€ consistent GUT  ( including

 Wigher- dlipm gpevetors ) Can avoid the
Bound (8y {ine-tuning)

—> Emmanuel- (osta, M?few,&(o/ '03

] < [\ ’
(Bayc , Perez, Senjanovc 0?/




(rucial +technical comment :

o l(/hy Aoesn't the XY - gaaj/'na mduce
dim. -S proton decay ?
A= ) geés ke mass Hron

M AY (no{'MQZ))

Sup jrpan‘ner of GUT-Higes

Y doesn't Couple to matter
= ho dim. -5 A'aoram

o This can be re/yeméed wm  SM A/@;g: J‘ecéak:

0 = Tua
Let Tu, o be %léﬂ(/y because of
T T
M, (not M 7,74 )

It . . . "
(" missing partner mechanism )

4

This s auto maésza//y vealized i SA models!




Proton o/emz m S orbifold CUTs

. —/7/'}95& - //zf'y{f;fzho -mediated olecay acvioleo

because mass comes from

T;é 95‘ 7—; 4 77;// 95 Tdc

N/ ‘ N\
"/Oarén(w “w S - spinor

( "Primed * Liebds Ao not coqple Lo SM matter)

A /ﬂ(are//f{ F?chjfr'o
Ha ¢, Momura , ‘o1

o XY - g0uge -Boson-mediated decay con

become obsevyable

Larious Sz'jﬂa 4 a/e,oew/ on bcalizalion

0/’ /Iﬂ&h‘{(%'
" Sls |
St UV v bosons) | Sl
N
SM- brane- SU;—bmme»maz‘é\ﬂV
‘-VVIC’IL('(V

&«% -mao éé&/ |
(toith Suppressed Yukowa Couplin 95)




Comment :

partial (or complete ) localization

of bull [etls is nduced Yy
bull mass terms and can b¢ wsed
(as an allernative to Frogal- Mitlen)
/av //avowf o Ael &(/'/o(fwj:

) @ @ <« /ﬁc;#ek
9. |'\——>@</l gznem{fom
A

///:75;




' —tw-vnificotion 4

Logarithmic corrections

o () = T(A) + b ln (Nfp)

[(~: 423 far L/,,/ SU, /50/3)

& (A) = o (M) + O(1)
| =
pnltnown thresholol corrections

Orwcé(bm m hiaher dimensions

767(7/04 Vneiano, '88
Roberts, Ross, 92
Dienes, Duotas, th(gﬁ eHa 98
X (0) = & (N) + 4/
v .
linear a/u/ergemce of’

4—(00/0 /;/){ejmf m o =5

- -A
< N) = 7 (A) + O(N)
k_m\f,,_,,)
unknown thresholol comections

(Same order as
A-logp “running ¢ e/fecé )
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| foﬁf{ 61/@0/((}1&/'” A=5 d//?Vl_e__@_mSlbg_m__{“

Sd VEV <¢> breaks |, e9
SL(S' —> Lf{ XSZ(ZX Sc(g
thdlvcing vector boson mass M, ~ <¢>
-4 -
X (0) = Kpr (A)+ 4:M, « 6N

z wile trrelevant

and for
caleulable am'ﬂ'@a tion

problem:  Hisher- Dimension Cperators :
i general: L 2 /_1/_” W (@"F?)
Ler Drealcing : _ /My 2
57/ v an(ing v (_/R_V) ‘z c; F

Can be Com/aamtf& to
Caleulable A-toop effect !




Much beller siltualion

4) N=2 SUsy . no comrections Jegond A /oo/o
Z) ho opeméam 5((?01/16{ mass-dmension €

- F* /faage -Uinelic )

- AF* (Chem-Simons)

mu%p&% : A, ¥, gb (aa{/'o/hz,[ Scafar)
2, 2> W (PFY « Z[CiME?
.

- /00/0 tevams (

nan-ana/gé/c h @
AN >

/Darér o{’

N

Se ?ferg ( ‘9¢
Inén‘frgaéor, Morrison, S e«%erj’ ‘92

Check:  resulling o' agree with

U Power - low romm;/zj “ leulalion

/{x(( Ca(cu(a&'@‘/\y ! tren EV'SC”& (/(W}/l'('a"b"'
concewalle |



Gonneclion_wih slring theory o

mosl direct contact: helemwtbic S(th

|
A0 o SYM + gmw%y

ffa’ft/m. {0 be Compﬁc(/‘/??a()

( one coulol duen va éhaé orbe}[o/a( CUT s
ave (/(mé G ",aoar man‘s © version 0/ s )

g—

anothie, qp//bm: ﬁp—émme models 7é’or P> 3—-
( Gouge Guoup on brune )

Could g/&e vige to é/{(c((?/e ovbifolo

QUTs m the tast steps affampacé"/}'c’a{(énd '

here: focuss _on Mef. String

allococo! guoups wn AOo(:  50(32) and Egx &
4 //'ml /ow'o( i /z'{é’a/ t‘hfwy on the
Basis 0‘/ dmoVMa/j consi Aeralions i
SUCRA  —  freen, Schware | € )




- %
/u's{ow'ca/@ , wmost atlenlion has a/oayr

been pa/'d to Qxé:} (/or aesthelic and
model-bulding reasons )

o by = SlpxEp . & - 50, St
27 =_{£MM
f%f sump bst Zy ori{olel R
o £,/ usell for Widoen- Sector JUST

Focuss on A0Ad SYM

o gauae ,/}'e/o( — AOA vector - ?alo./, on shre ¢

. gau(yszo ~ /(00/5/0!'010r - A6 — Y%a-{.' 0w shelt
(Ma(/'onm’ L/é’y@/ —_ '

Lhis 15 all !

Simplest orbifold models:
£
7ﬁ/ Zn ey

%005'2

oe aclion: ' 2ni
S Ct X€2m/? xeﬂ/3

(ef‘ Z3)

-
Xl

X

(tany other options)
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crucial constromt :

(both Lundamental & phenomenological )
presevye =4 f USY in Okb//o/o/my
A0 Lorenh :

S500,3) >  SO(6)«S043) = SUlé)xso13
/”C&(/aw( ‘/0,,

or b'folding .
“ - (42)+ (42)

4 ,2—cowp (/((7/ J;O/;r&r '

Wr'xed 6’3 suy)
o do presevve SUSY | A spunow SUou A
Survive Orbfﬁfa/lw], ‘e not be volateo

=> yUse om/g SU(3) <« SU(Y) = S0(E)

v
23




. Y%
The action a‘[ SU3) on \,?auvye ‘//'(fo/f

15_given by

mevt  — V> A, A

#'L ¢A > /fsﬂ‘Ag
A

k;f ‘ $, > Aidy

gaz“ {'le(eé' ¢g 2 3 i /440

In ao/o/f//bn:
S’{rfmj 1%(0((7 re_gw'm" an GCCOW}OGV:y(ky

rofation in group space 1€

Z, < Sus ,
anol Z, < é—}x@ (in a s;aén;/,&
&y ) ;

in this larguge |, So 8 6o orlpi{olo GUITs
are @ ( Wayge lo/zehom. imortant) inter-
mediate step  (fov A or 2 redic Large )

—> /(ogatyash{, /Qaé)/ ) Zhaqf , 04

Fouste, |/illes , Vaudlreva npe
W/l.:r_jerle?, ‘0¢
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lmp()réan{’ ao/mnfaye 0/ a S {meﬂ f&m%
€W€€o(d/nj
brave- Cocelized ﬂ?/o(: andl e
Couplings are lorm((‘cé(o/ rother
than  introoluced by hand

z‘/c(f/ covrespond to the
" orsted Seclor

Cousider one of the orb ol /('xeo(
IDW‘M&’:

Ci—— conr to é)mne (ﬂ(?(o/s

rest of HE T com Lo butt fie s
OVbI'(’o/o( ,
abo: 0V5!}49<’0/ //"}(eo/ ,00/?4{5 (Sz@u@m}/('ef/ ;

Can be ,'6/06.)14 up “ = é@g Vau

FGC@J'

‘ /) (very nawe )




SZ
Conclusions
_‘ ﬂb(—/_} hm/e a (/((7 J(wm] /Oaxz’(/’on
as Candiotates /Ok ggyomd—élr(~5/'4 /D@J’/'cr

o Aiscovery 0/ andl (or proton decay

j%é’h s Op//bn

o orbifold CUTs are the (may ge )
S fm/a( st éy/affc/’é modlels

o they (it well nto the string- theory
-/NWI(CJOV/( anol (/9#0&:6/7} Qave bo
Fé/y 4 \Sék("mj {hMVy {ér felter
predict (uity

° S’UVIDV/:W_( (/00)—5(4& C’UT;, CSarpeod
ovlb/ folel GUTs , ---) are /oomb& ;

o the ullimale Chaf&nje renialine @
guanibalive theory of flavour




