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jrano{ Unlicalion i the ”ZQanJ‘Caﬁe”

(60!!60( on A/‘n«/( w:'-//z dm V. &er_s'a(or/./ ant{ (‘hr:’:{:'ﬂn (f;vﬂ/

ﬁulfz'ni

® 77LC "afp( ! S‘{OI:L.' [0”-6#1&7‘7 0gserva~/:'anr are T,Qr‘edf'c(ed €<7 a
S‘r'm,o(er more um'_?ue hyh-&nfvj #lfovy,

/

o The "new! 51/%: Zaw-emqy ofstvvations are the resutt of an
acc:'a(em‘af (au#ri’olo:'c ?/ S‘elec{t'on -/Wm a
W»<'7 farje sef o/ consisiend theories

(the ”(amdxq/oe "/.

o How cdloes the 1Aea a./ ”J‘MMd am'ﬁz'ed Theories " \[c‘-/ mfo these
d!uc(’a’omem’: 4

« A Zam(:a,oc- u'«u/a/'red mechanism '?x,ofazhmy" the smallness of
He wunfied gauge Coupling




The "0ld" st ory

e .S'L/ar{ -/'NM #Ae ’é/{{c\‘:'we 7%607;7 " o/ -/he /(uowu wor@d

e 7‘{7 {o am'.{'g mferachions amd d{free.r o{ freedon.
mcrease {he ngma[rj

—> .f/'no( a more uu/'?q_ac -//teoyy predicting (or atl least
€kp(m'm'nj ) Some a./ tee faw—e’meryy obsevirations

[06{/1'0011{7, //uir /mr LJ‘W/«A Maby #M:.r /;1 #Le /oa.e'é.
D/'S(mfmJ o% SUsy at LHC would €e anolher example.

gmlrm{ L/h/'-/t'c‘a-/tbn /.'r #ttu fbe Nt &Jt.(a[ J-/ep.._]



.ﬂ{p!r:sgmmevln'c é‘mmﬂ Uni'lication

o SHanolard Moolel :
Sas x SUy e U, +  Matler + #/;('7‘7r

./f'-/s )oer{'ec/{y mio SU, , s special aiffway ...
with matler in 3% (£ + 40)

|\

o Quiclk reminoler : [

3% 3 !/

< S$xS
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) %’ on ﬂflbjonal



Lrucial duanti+ative evidence

of. | | |
‘ l
\ (] ]
] : = /Dl’tﬂltc-/mn o-/ ¥,
| == 7/WW' &, & o, :
|
n
|
: l _ D(zlqp ~ 0.12
A A b (€)
EW Scate CUT Scale G, Gur = 0.43
A6
(N 10 &V/ (7711'1 corre.r,oam(; 7(0 Qa +0(4}

error m o, as epected

;L/aw Sem'au.r{q J/:Du(a( AN '/hke #u'.r 7
fmw unlkenoLin -/Arulw(o{;/

o ey’DeC'( 0 < 0‘3 < 4
o Zt:-( 042 coith ervev 004

= ~ 3‘6"—(.(‘{:c'é ,’




The "new " S-/oré

’ &Ww,aac#:'/j the (e:xen-Fa'a({? unisuc ) 10 ol - fa;oer.n‘n'nj—m”wy
to 4o M.rt'nj a 6o compact Space

\ w -
/;'lc(bw{::qj _/fuke.r, 4 s €osy fo see that ~ £05°°

oV more ’yeomcéw'e:" are ava/lalle

\l{/
aqua!{% ﬂ /’(a.rormgfe ((o( #teovy arses as

a melastabte solulion of S’z""{f -%&eocty
(” The Zaud.rca(oe "/

o Thus , SUyx SU x Uy cortlk "our' matler & couplings could fe
‘/'Ms# "aceiAental

('c/ (.J. S-/mll's#c‘a( amafys:'.r 01/ BZMMéHhAJehl j’hﬂ&'nu, Homchr,
(.of's#, Wdl'jahﬂ(’ 2005’)
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Tdea behind the "4p5°°"

» Some a/ the fietds (:'miqj on fhis space take values
Mon- trvial bundles " (Gssociadeol ot Cyc(e:)

4. /w- A-dim. (gc&f we can Pave @ or @

. 7Z,ytf' a 2-dim. C<7c(e y Such as §% on which a é““j' ﬂ'e(o{
ive s ) Hhe ”7‘60:1(#:’17 "5 chavracterized 5\7 the "mongpole numfes

h ,—4l (}140 2, -

o -/gpz'caé CYts  havre tundlreds o,l Cgc_(e_r...



So w@ga-/her A framd- Mm’/:‘ca(a'gn ?

o Because He "3-6‘—(//«{" mendioned Carfier remouns

o Because ';f'rand Un'li'cation” s Qenew'c m certain branches of
Hae (ano(_rca/ae:

a) %/e{era#c _g{w'ni: One ﬁ““ﬁ‘ cou,ofz'nj m A0l (Jrou,o c’:}xé} or S032/

( This is howevrer nod fhe 6best-understood part o( the
(ﬂhd:mlae as -/ar os moolull’ stab'tizaton /chuum enerqy
IS concCevned )

6) Type IA/IE with D-brones : €ach (stack-of) D-branes

has Hs own

z;qd(,oemdfu-( jauje jmu/o

/ Mocddule stabilizadion / vacuum energy well- unclevstooo! ,
fut Coup(zhj um'ﬂm%m not hfce!farj)

. é'k/o/kk/—r o 5;/)@64:/’1\64(@1 “; /_’—7[&,0,,”,7: Z&;T/I /Wajv-/ ﬁe//aﬁ[, &-/l'e!evek

/




@m!oare ! L \ .
U, SUu, \
— S M_‘_ \
7 N |
St N ¥ \

grazt& TLO S‘{?XS“ZK%
ef JJ Compact
Jeome'ﬁrj o_/ Lh's stacle

o Tlhus , /L. Yo ”/h-\zersecékj brane " &uz(ﬁ«j, (fmaa( alm'\fc'Cq'(l'Oh i
not jehew'c , but au zl.-/erer#uj ,oossu'&'(f{y.

’ /C’(ceh-/(y, promi'sing Constructions have emersed iy the Lype _72.'2/
D?" bmm case . {BKMI’V!Chha‘ffeh, Bmml é'rfrmml /\/eljana{)

o /"fareawr, I'u 1‘&4 F-#t(&::f—.ferz/f'mj (& MOM—(OM{. gemm!ffm%u o/
He TR /D7- brane Can// Ceviain /Orv((emr a./ émne/&m'
models hau-e 6em OUtr-Come (}é/&[{mah( Va/a/ ’08 - )

Z_ 73,o—%f/mwa Cou,a(:'mj" EE -LUTs ’—7



A realisdic LGUT-co M/Oe/rpi {raw a “micro- Candscape "

o _ZZ: #tc -/p(/awt'nj, Jfbcu.r On 14-5 ”C/dr.r:'ca(” ézc\‘(ra#c'c age
o Morcover | J witt ounly dhiscuss the “last stop” o/ (ow/oa.cé‘,f:'cam%u
S-d( S‘a: E— 44, fc(sxtrqz?‘aq

Compact Space : f 7 | =— érmédy +to Sl 6'7
¢ A0
SU, gauge -/Aew-y Jeom ey d'/ A" fpace

Kbmlfnj 14\7#14 10A Egké‘}
° A/e now consioler #-c Sol é‘wf‘ #'-Cwy ::1 moore a/e%au'(:

v

: __ 4 =
M{Mﬂégl ont CJVH[(.S' - L/ [;-hw/_

F/-w = 9/“ AV_QVA/L. , D/A = 9/41‘ l;i_r A/‘_
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=p g; Aa: Aimens/on [—(etv-vlhj
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MW’(O{/!V: £ _ = _Z"_ ~ _L "exoer:" value
aui ?n_ Z.S— ( P /

V(fbu're,r a milol h/'eVﬂlVOAj.’ /Q >> ;s_z

5 iren that Ry - Ry ~ Stelng js‘z AR LT

what makes R =R, > /&zw;ﬂj Z

(_/—M olher wrods what makes the Last extra Aims

|
Somewhat Covger ﬂwrcly Cx/o?az}ui«zj tie Lieak Qupbing
we observe T )

o (learly | His reguires umdw:w/amdu'nj what stabilizes the
Si2e o/ his SH. tetra dinens'on

10



2-( o0P Casimir stobitization

/(aﬂf%a— Klein modes on milevval | |

o each of these mooles corresponals N

to 4A .'f/'e(o( Lo th E—d(loem{eu# - ‘L-\ /-l
mass N/

o lach such Lietol is a set of
oscillators

o each 056[((41‘W /m.r a E’rrv—/pa,'m‘ emrjy

White e {'M(( thergy ) a/:'wrjem‘ | the R-dependtence s
Calculable

A



Iu ,/ac#, {7 Sfm,o(c dimensonal cmag:.':

V(R) = g, 0+ g, (R) -

A
C C
R * 7@7; * )

IT/ C(U < 0 oundd C(2)_> 0 , /¥ %) €a:/ 7‘0 <7e-/ a Z—foqo m:Lu'mum ;

VIRT )\ \
N\
\ A
\\\/ E_S'
___:_ -
— -
R4
/ YY"
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] /45'/“&‘{?’ one 1[!;10{5'-' E ' - _ E ﬁ/ 2
Min g ctl g‘-

o Protlem: T all ¢~ 0U), 9 /R, ~ O(1) and fhe
2-Loop minimum 15 not reliafble
o However : _Z".'Z' 6(7 on aceidental caneellation c S

?;z./,e,w-"L < 4, anol h:jéfv (00/::: do wvot a//ec{
l/(/e) neéour /Qm'-n

(IVO'(G.' Ths & alro ,orec;'.relj what we need 4o
gn‘ o(am_ P/ 4)

S’/'de Vtmwé ! A- S:'nm'(ar S‘.#Ma#‘on Occurs .,for ﬂ(jz/ m QCD-Gke

,Uzcar:‘(:, ((ﬂdl;lj fo a non-Frvat Iﬁ-ﬁ'xeo(-,aoiuf
( Banks- Zaks fxed ,oau'm‘/
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/4(#1&({7: The above tolils 0!4{7 -,for compacﬁ‘é'ca#bm
on o circle, St On an wilwvoe S1/2,
one tas
AL S, #Ir, R ]/
V'(R) o (c + 2 Z&jf + O+
The &j 15 associateod with UV—daUzrjmcu
awf::'nj on the EBoundaries (branes). Oune

Maz'w{7 <7e-/: n (/\C“o# R).

Tt i Han rabural 40 st Aoy ~ 1t

(But a S(;(%/!y c/:'[(ereu# Choi'ce clyes not a//ec#
e resntl’)

The /or{w'am pamma‘n'c ana /J""f Femams Correc.



SUsy - Brea/«hj

o Tn fact  V(R)= O /£ Susy s unbroken

e We asSSUume ”fdzerk—f&hu‘mz " SuUsy br(akz'w], A)/z!n Mc
&mm’arj condii'ons 7454/ 60.rau.r/-/(:/m:'am_r p//'/?[gy gdq a Smald
number G <« 41,

o This can alro be Lnoltrsbooof M.ra'nj a "radion swerfietd”
7 = /Qw"t'A'_(- + -+ &2/:7-
o @ Is then rlated 4o a brane- localized .Su/oerpo{en#a(
ond iwdduces an "F-toew" for T
L)~ FT' - /W°/3
MB&'
(= Macki/Pomaral . Waplon/Weiner . Chacko/lsty )

A5



Since Both trms m V(R) ~ w? e {MSV—hr‘m&:i«j Scale

(5 1rrelevant for tHhe pw.s.'/v'em of the min'mum

7_Zm: all #tmL Las Said gt-‘[m/c remains true #DV

/

(Uzry wmlr/j broken ) SUSy

e We now turn +o J,oec",é'z'c Sad SUSy GuT models
(" Orbifold GuTs')

—> /(mwwwmml- )[/4/(//1/0mumz P ~ 2004

o Matter cam e 1h bulk o on Branes:

T
—

o
O{wig/wf S‘/rﬁqj

- Oimit 01[ k ;—

unteo 'sted

4



ouT- bl"(a[ﬂ'nj !

SA SUSY-0GUT models

SUS —> S%xﬂfzx% at ont 50Mha(arj

o H’;ﬁf on SM- brane

o Malier m bulk or on "Standard- Moolet brane

IM 0(!7[0:'( !

/

S - maller

g = (3,1) + (4,2)
h—\,_) —
©u s < Counts # of bulk Lietos

A0 -vmatler a-r( #ais 7t¢7/°¢

A0 = (3,2)+ (3,4) + (1,4)

Hﬂ \____V—’
t LA

17
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=> Vl SI-élM < (0l4|2,2)

,oamme#w'u our ‘wuero (md&ca/oe : 0/ 4/" = 256 modeds

° Wg .(’l'bm(.' C(d/ 3 —AN40 — A6 - &8s -+ 3‘{- + 48 w

T

c @ Z—QE_Z—‘-/—/ZOXV—.%: + 36t +42u

|

o From thl's tht'ol
the value o/ R, awd hence Ly, 7 Hfollow .

(We need ¢ <o | ¢ >0 | ond small rak' fo get

Small :7;2//9”.; .)
We Lind a /oeﬂ‘. controlleod minimum for ~ 13 of the moclets

We AM ;;— 2 oAdpyr 2 3'10‘ -éor A2 models
-




Mp / :'/ Yin [

One proflem shld rtmains: Our minimum s 8 uays ot /<0

(M(J. cosmol. constant) anol needs to e "uplifled ‘

Because 0/ fbt.f}’, we can not .rl'mp{7 odd o pos. contn'ution 4o V

Howtver | e Can add g < © iy bulk and compensate by
/14, > 0 atl branes. (”h/ar,aea( s,oace” or ".S'Lf)aer.rymmeﬁa'c
Randall - Sundrum moolel ”/
WC Caun -M(h K(fgh/(j Hﬂfﬁlume” Agr & /(_s-, Mm'm‘az'm'nj Susy
andl ﬁm‘mducfmy a Small pos,'ﬁl'w contn8ution to I/
(—> Ba(ﬁer /Be%&ev /02/

This completes our construct'on
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Uplifting m Super fietd {arquage

N=+1 Supevqyo w'/y perspective :

J2~—(T+7-=)+AJ2(0
1\00/

(7_-#7-:)7' (7—+F.):

/

Aﬂ (”/’ ~n

W= W

+ —I— fy (1 (TeT))

(C/’_ "“Almost ne-scale ”/DyO/JO.SA( "LZ Zm/y/O/rao(oL/

V(’Qm?n) ~ 4

Min

/o "M/o(f‘({ ") allow {ar a small waipﬁqj

§

s caleuloble £ < O

(/(s.qéa);

A = - {kzMFi , e_k“—”-:) = 4 - "small"
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' /thffcvtfmj Hie {aolo—z'no(uceo( K dhler -cCorrechon Lor fhe moment,

e Awe '.

JZ ~ e—k(T+/—)_4 " (A/": %6_3[{7‘
(= ludy /Sunddein ) ( constont supevpotential
af IR- brane )

e A Kahler- W(y( re.rca.(e'nj (7:[/“
J2~4—€k(7-+7—-) y W= W

~ =(T+T)+ a2,
1
Aﬂw ~ (4/‘-4*7:)2

o This has to be combined with our “ﬂ&a,o



{04 (—-f?_)z ( l)
S/ ~ /w,/’-(m)
M, ° TT
v s
SV ~ A :
Consi.  + - 75?;— ln (MR )

/DS: VC
Constant
contribution ~ wim ik

. M/ol:'.ﬂfvxj lo A, 2 0 ;;M}oft'eS

“

— 4
Ps

3 L/owp:'nj s mofeed smeall cnd ouv Mm—far/oe'{ calenlation 1's Ok
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Phenom enafag_z

The main Iohmamena(a‘yl'mz implications ((m addilion fo
those of Sd SuSy CuTs) come from +the fact that
He radion Su/(r.fc'do( (le. Fr) dominates Susy- brea/«'nﬂ'

T4 Couples pw’marz'fj 4o 54«(7120: ,mala'uj +hen heavy
(gaozg/'na medhation )

/:-MV-#L(VVHDM | f/ -/A(_ #/:5;.: COmes -(M?Vw an {M(arjtd gauje

Sector ((j Suy ), a very constramt Scenar'd /'Mro(w'wj

m"/z' / /M [ B/A avises (Bardrmw//VWnura ((92 / Chol et at /03/
/{.;L/./ /(4&76&”/6(4!'!(((, Zz‘g&f ’08/

We have dAdettrrminedd observah'onal Conseguences o»T/ fuch a
Ie#»'hj m a detaleo J-/Mdy (Zfro}'mmw, Fichet | AA. Uram? ’09/



fammarj / Conclusions

« Two- Loop Casimir siabilization occurs mnlumﬂq n Sd aré/'/a(d.r
[grofm onlg - dominance & su'fable matier Com-/-?m‘)

« Wiith « vtvy mitd discrede ﬂm:ﬂ, i can ”?xp(m'n " the
Smallness of o, - ~ 4/z¢

* An (({jom-ﬁ Waj a/ _Mp(t,#ﬁ the siabi'lized Adf,,—mma
s 4o appeal fo a small wayping (Ne # 0)

o T4 woulol b /rmztre.hlzrm.j fo 1[)1;101 2—(00/0—('a¢.r1'm'r—5‘-(a5:'(’. m xplicit

hedevo e moolels " ,DaVA'cu(aV fo allou -/0V rove moduls
(c/. ey. G aw@;/: a'Z Buchm s ey /Ccn‘(m/fcézw.'c#- F/oé’(rj/




