s i L) _ l
and H. ho'erurdiy

(U The (minimal) SGFT

hypothesis & hetevstic th.

@ Weawly-coupled type I

¢ expevimental beunds

(@ Efforts to Tanshorm the
E-desert inte Wansverse

Space
based on:
C8, hep-ph/9807415 .k alse talKs by
wt,cB&:\e:-lﬁbﬂmD?S Bilisiodis (banes
1] ", Dudas,

he P_;R/ 93 OExx X




CGH’UMEMJ a..ie.wpoint on shnng /}-{ th.ary
seales s thak all dimensionless 'parametervs’
and in Purl:a'c.u.la.v' veus of moduli

obey
*T"“ S <‘ﬂ> < a few
implies that
My My Mgy
——— = -
L_—’
N=L1 susy OFT lOd sTving kh .
(HSSM+hIc|JEn+-~--) s'f'vcmg QG

i weak 8rn..uik y

Mirimal (‘desert) | jight charged frelds
hypothesis - other than MSSM



\ = !
Feeibh  in SQF T hypothesis
based on Fo lowing Facts .

s MSSM can be exfvapdated
Mil'l'erﬂ‘,y up To Ms, 2 is in

‘wa'c.ulm s'l'aHe u.nc'er rn.clia.ta'ue

mect;ans ( SQ,UES -’_EChﬂiCQJ Cl.ElPeCt
of gauge hierarchy )

L’ Hypolzhesis 1= \mi"omoifc’ in kEhe
W-CG-K'Y'CQU-P,ECI he'l'erotic. 5TVI'¥7§

L’ ‘F\’ol:us':’ n.ncl SLLCCESSFLLI PYEC]I'CtI.OnS

‘Ffam un'.ﬂ'ca.'tl'an QF gau.ge caup,:'ngs

and of YuKowa cou.ph‘ngs For

mass malvix of Qs & Ps

Ltl‘. me expa.ncl on khese 3 FMTS more .

J



s unIFICATION PREDICTIONS

pavamelers of SQFT receive log covedlions

f‘h’!&i are la.vge Fnr' la.vae E-5pa.n) but
ceehn be vesummea l:y the KRG

T hveshold covvec‘l'fons fvam unKknown UV
IFFEC.T'Q rela.'h'uely smadll

LL> 1Ilf'l':.'~.|:al.ms»l:ilr Pvecju'c:tfans

,5107:; theareh'ca.’
uncertain &y

Pvecliction Fm* 't_u_g MEO.SUJEC'

Pa.rn.me-l-EVSl 3_9; q’a(Mz) 2 ijg(MI/MPe)
gond to M'Oa/a .



Likewise successful predictions for
messes of qs 2 ls | by imposing some

bﬁundn.ry c.ordif:l'ows aJ: MU (23/ u.niFl‘Crn.

* yuKawu's p 'l'ex"'uve.s From clr'sc.re're
g’"‘“) but without meve AEEa”ed

K-mdnge of ULV physics.

|n Shcﬂt: 5uc_l) ‘\beuS&’ cn.’c:.n.}ns on'y

pessible if SQFT vealid for a
ln.vge_ logE -Span

L’ TECHNICAL ASPECT OF
GAUGE HIERARCHY

,mp covveclions do not moclny

drn.s'h'ca.“y Ehe (MQES) Pa.rn.me','ers
of the MssMm

~ PoryomsS

L (3, m,)

MSSM
MSSM [relds



leeps F:fé!\‘:?ﬁ . ot mest h cevrections

leops of SUGRA - cutolf ot ,‘S,HP, so ofl)

OfF course in STVing H‘leory the MssM
?MMI'-I'EVQ al classical lEUEI are Func'hbns

of the uevus oF moduli Fieus
m_(<@.>)

We must l:heve.lcore adso assume Lhat
leop covvechions To f(ﬂ) do net
destabilize thoese vevs (no tadpoles) —

this is of course oK before syby

Since 5:/5)/ leads 3Enera”y To 'Jl'a-t:lpoles 2

Cosma;éo_; ;): 15 u.nclea..r how u_sepuj

'S I:he SEan‘t'ian aF the 'l'e::hnica.!

ng.ge—bievmchy aspect fvom Lhe
preblem of vacuum STaEi“!:y.

( STving slands °7)



"5 WEAKLY-COUPLED HETEROTIC STRING

bosews Live in 10d and intevact at same

s Umversal relation

oLy, Ginsparg
KaplunovsKy

Fufl:hermove Emh::nclnrcl KK meu’ﬂ.:

2
Ay = QH/(RMH)S
with RM, 2 o(1) by T-t:'ua-“ky-
If we want To Keep

-------------------

so SQFT hypolhesis essent ially imposed

on us,

/%



| F dy &4 5 conceivable

that lavge (higherd)
smeall at one loop Hwvesholde drive
(if we N=2 sectoys’ ) them to ~o(4)

C.B.
Avtoniad: 5

Thp..a}, mice To have Tvee 5;/5)/ oplion. )
such bren.l'(ing has met lead 1» new n'nsights

on prablem c:F Uacuum sTa.b;“':y_

50 'iﬂ"t Eheoret:'c.al m"‘fon"’ 1201' g;uing wp
pevturbeitive conlrol 2 successful wapifien. predichon
WCHS,

in



Th-in95 are diFFeverﬂ' In '|'ype I H’i&bl"y
Since ga.uge F;'E'.HG can now be 'hfa.Ppecl

enn D-branes :

2 _ R.R, M )
MPIa.mH- ”1 t > dU- 'g's" &-n
91 (RyMz)
. alter
mam'ina-'ﬁﬂ‘“-
4
‘-‘.%"- -_@.- -
D(3+6) <7 n Transverse
dimensions
bvanes

e s M: Fvee 'Pa.ra.me'h.?.r'

lESS reé"r:}:'h'ue ( pr&a‘fc&fue) L-ha.n heTera'hb



Freedom could be used ko remov &

bactor ~20 c'a'screpa.ncy between
‘M 9 M W l‘ﬂ'ﬂ n
L |

skn

or Mybe To 'push MI c:,amn
te te expevimental limik ~TeV

Ly KKen
* Avkani-Hamed , Di mopau,as_,])ua' '

Avitoniadi S, Avai—Hamecl_, Dimo-
: Poulos, Dual:
m=6 fm=R, Shiu, Tye

requires Pvom
n= 2 mm = RJ_

Bls{des be;ﬁg Pn.rt aF }{—-Hveor-y moc‘ulf

Space, the vemarKs * Lthalk brought thig
dea infe Focus were

¢ that mesoscopic gravity dees

mol  pule oul such lavge extva dime

¢ that this may ocpen new a_PPraa_c;},
'fb PYoB'Em aF gauge h;e.rarchy.




\H

B‘""S""g MI to ~TeV (locKs :::.n'h'pocln.'f
te SQFT hypolhesis : even though MSSM

is renormalizable QFT cone limits ite
stable

f‘angg of l-""'-'-’--'"*"-"""l:)’ To S 1 ovder o‘P magn. .!.
Ncuev!:heless, ot will new a.rgu.e H‘\ab
Ehc +YP3'I ‘vae Wnr'd’ wiU\ m= Q

H

----------

‘vobusthess' 2 caqu.la.E:H:y as the
¢ne.r9y-desevt scenhario .

— -

Fivst néte khat 'h,pe-I is only l;heary m which
Bvane World has pevbwbative realiznt,

% D:_ngg&_@ can 1?0.1: In 'Pevt. l:heary
mabelm ga.u@e P.elcl 9) 2 SPQ.Ce-F;'”l'ng
D-branes requre q-.ea_!;_@lals .



New IF ”: ~ TeV G& eﬂra.. m
effeéls can be wndervstood as lwsc IR

m in 10 dims. Hnweuﬂ' For an
observer on brane l-.hey can have very

FE I!ﬂ' iﬂ-l-EVPré'h'l:
%

20:0:

= (Pl.: .L

| llo
S aFl: ePFec'l‘s

at excep'l'ubnal ua.'ues oF exTernoJ
momen'l‘q_

— (o, r)

l (&
‘havd efFfFects

at all exfernal momenla

iﬁ



@F Cowy 5€, ‘PJ_ =0 d-iasra.mt vanish
global Tadpde cancelln

bt H~R_l & M, generally dont

‘ chmge c‘en s}'h‘es’ dont cancel

Jr". e PFG::.-'- S H

come onm ua.ria.'hbns - (@‘DP)

of masslese bulK Fields over

Ehe lnrae 'I'vansue.rse Space

SM pavameters Punctions mu(qo_, )
L lO

'} flo can be very J;FFEV&ﬂt FWDWI. ?é_.

L



cheir speihial varietion aou..r'ned by

C® Lo~ i 5:0%)+ L Bra)li]

D-Lm.nes g foﬁ.ﬁt%

weak Scurces ~#
: perturbative expansion
(o) (¢
CP.‘: L + gsCP; (x-l.).‘....----

A 2

LSu.m of n-dim. Greenii
func'hbns

Clearly sens}’:iuity on K, (amd hence
Mee ) is

- - - - - L - - — - - - - - - — — — — - -

Mﬂ.lo eou.s 'r'a

- non-r enorma.l 1‘z.n.u e

- remrma.hzaHe : QFT

= Super renormalizable.



—el us twy To taKe anulaay further .

| arge 13 - correclions can be resumme 4
b’? elnvg:__ﬁﬁ) bupergrnuiby egns
analogous to RG equs

Smee STn'ngy S coweclions are hiahe.t‘-

qua.ﬁl'um grnu.

deriwdalive 2 hence

mvolve extra Powers

of ~ L << 1
Sx_l_

v bo&ndg-ry C‘-ﬂdg need be deP.'neJ
mly in uicinity oFaur Brane Wo'r'al
maﬂngaus 'h:a Ffm'ng ’ﬂu.!-E Claj'q_

* sha.pef oP ‘h-msoerse SPa.ce) d.'s'l'a_,n-r
Sources E_'tc. makKe su.Heanréo covveclions

v threshold corvects

s long as H‘hey .STo.y al J;qu"Ces ”O(R_L)



\. . b.cs
: .: _—
«SM bvane
/N

'J'F oleTa..nT sSowrces irrefemnt

(SUHE.a.Jing) threshold effects
as lang as they Eﬂ'n.y at distances

vo(R) )

Lﬁ E—‘;‘ (For QLJ o'rc'et" difF. Eqwﬁ) determi‘nec,
h Sowrce ?unc-h'aﬂ -C(.(Pl.) 2 u'aJuea
s P at Posi+n‘an a?ﬁu‘l‘ brane wevld

ancw'a“ﬁ Siuln.
expliait brvane consStruction




Note .

-----------------

selved of same level as with glabal
susy: either for susy params, on
aftey sfgy n.ssumi'ng ne new Tadpaleg
provided m> 2

(SM pa.vms recewe d."'masd_
,Ggwl%mfc carreci':bns)

N_‘i_i?’ - n= ‘e(FeEh‘ue e::':hrr'l.Jt oF| ‘f?a.nsuerse Spa.c.e
(la.rge)
5-_8- WM mwm # OP |Wg2 dims n whfcl‘)

some massless scalar pvopa.eaj'es
(EX: K3X-T-2 arientlipaué n=2 ;F

g._ll volumes are |a.rge.)



Pmm Pic'l'ure of course cnnF'rmed
by -Elpli:.il: \H'nves,\oecl’ calculns i

E?. I ﬁ-l’l'ﬁnt; FO'A mQJE'S C-B‘, Fabve

An'l'onia.tlfs_, CB, Dudas

What one Q‘ncla aj' one laap 1S




Je
* IEBEI‘wfrTﬂﬂ’ mel with E (above ”I) but
vathey dependence on values of K, 2 M+,

For (N=2) KixT, orientifolds Eheve
is me discontinuity at My which
dveps completely out of caleulut Dougles.b
(excited open s'.!'v:'r@s mn-BPS)

“ov us heve MI'-' Ma, o an'y SuGRA

V'Igime 1S rele u:::mt.

Quld'h'an: can we um:levs'l_a.nc‘ wni F:'cn_

with this renJ-SPa.c.e }og 2uo'nt, E

Fivst must ensure Ehat c:ou.plfna of bulK
Felde to SU(3) x SU(2) x V(1) nol” wniveyvsal

(ov else oy, 0ly o won't split a.pa.rt)



-{3
This is (a priovi) mot hard o arvange .

Ex. K3xT2 ovienkifolds (cthey than Z, modd)
have exiva 'f'e_n_ﬁ_cﬂ" mu.”:;p’e'f's Biandh,

Gimen,

Glm Tohnson
( ¢’ G-)g + § evmians) 'Dnbth:r farK
'TW# ‘.l..ei t 'hui 51'8 J
NS scalar RR 2-form

whic"\ are necessa.ry R:’P (genE.VaJl'ZECl)
Gvgen- gchu.:mr -~ c:mnmnly C.a.ncenﬂ. Sagnoﬂf

T hese have non- u.mueVSa., Coup’mgs

‘o Qauge Fle'ds

Z "' (e + 3)Jde!:(oz+F

grou.p Fn.c'rov 5

B

G—WZ teyvm ~ Bﬁ FAF)



- N
= x fsll et calculn ABD
(W else susy + Qiue: 'hﬂl,nnb-h(&r )J: '.)
mva.!'y cancelln )
S B = # . “.E 2 k
o © = o) t(Q ")
i / A achion of 3" Foist
N of PAY, normalized on Chan-Fatten
orie n"h Fo]cl 3311 ernTor oF m n."'v'fx
fattor

Thl &gnr'll:hmic e.uoln oF 9)& can thus

split the gauge cmp’i'ngs at the same

l;, But what is the a.na.}ag of Ehe
h;?- E l::ouncla.vy Cnhc‘l'klbﬂ PP (q1=d2=d3)

ks aund why should the splﬂ‘l'n'ng be in

Lhe yight propoy ion. np



9 hewe ne answer ko these quedlions
ovly Spmsuleions
(W "wba - %R.L bvane on which

-ﬂ!mg te value at O wowld be

mlag of uni Fien constvaint ) |

But it seems To me that outside Ethis
covitest would be very hard 1o wndevstand

Pﬁtu'LnT-'ue u.niF'c.r;’- as n::+ befng
Q (whpoftumnj'el) Msﬁgnb in Te.\/-scale

ffving Eheary.



The veason is that (residual) elechomagn.
%.3 dommale ; e_a

_ E 5
-Pﬂ‘ 1':9 H ._ '—Van der Waals = (‘f rmm)
&aioms o
FA-'J gra.uiby 4

lwe types of expls :

s CAVENDISH TYPE measure devialions

( torsion baJcmc.e) G il 4 e

| ccws
Su.spe.ncl mass inside

hellow c.ylincler- 2 looK
FOY' nek che

L cAsIMIR FORCE expls :
measure rapid varialion with distance
(~ Y4) of force between chcIuc‘f':'ng
or dielechic pates



Lensideved in pasl To put limita
on fiw scalars with era.uﬁ‘n:hbanj
S;ﬁéngkh co;;p)in-es

Mmc‘y} WilczeK '8Y

De F‘?u. -4 l..do. ‘8%
S"'n.t:y ‘8F

Ta.ylnr Veneziano
Ellis, Teamis, Veloshin
ﬁving moduls Kounnas, Favel, Zwirner

Binetvuy, Dudas
D}mnpm)nsi GI'U-C,;C:E

Artoniad; s, ])imapou!og, ])un);
Haly o

blml'm ’me'S FDY' KK exg}',"ns aF
rauviton
9 (Ehcugh detailed a.nc:.,y.sfs
moc\el- cI&Pe nc‘ent : Compc:s;b'nrz_
CIePenJe.nce of new Pmces,

alfvactive / repulsive &le )



from - _..n.sw . Chan,Price
nep-ph/98052{7

108
4 | e
10" = N
4
.M@& Dilaton \. _
|
| Radius Modulus __ | -
| _ "\\ Proposed
Vacuum energy _ | Experiment %
.—_9 -4 _ constraints with rr.I.MflJr__ __
| (40 < Ho<90) km/s Mpc ™ _ Axion b
3 -5 -4 -3 -2
10° 10 10 10 10

LIMITS ON NEW SUB MM
GRAVITNL INTERACTIONS

J_HFm aQuwae- ﬁ orce
param mw_,.munmﬁ_. oL



Ls PBECISION OBSERVABLES
2 COMPOSITENESS BOUNDS

no gisnin'mnt moc:’e,— inclggencleni‘
vestvictions on Fame wor K , eg
2
L?,..pe,m-, 5 ;"\'E_ (ELP) conslvained
Ffrom LEP to A 5..:_, TeV

5i-~m;ln.r|y
. me — il
éﬂ = 2R §0.Fw
L because welales
chiral sym.
giuea g(g_;z) i /™l 2 -0
oi “ala) £10 fr ARTeV
much below EXpt -8
uncevlamty (ﬂ 0 )

AvKouni— Hamed , D 5mﬂPau)us_, Doah

KDSEEIECK)!J Saml.t.&)
An‘l’cmim:lfg, BenaXl, %mmo[, Yurres
Nakh, \/c:zmn,%uch;

W avocane
Kizze



\=r EXOTICA

W’ld to Suppress pra'ron clecn.y )
qu Flamr Uiﬂ’a:h'on %2 H—Sys','em

One Eype oF mocl&'-in:‘ef:enc‘lent rare

l‘-l-lint ; emissSion aF grauiton_S_ m J:u.“:f

4 Mﬁdel-inJEpenJeﬁt since Cauplfng

te 3rnuiby universal :

- 44m 2+n

C' & MI N (m)
{ 5;2 CZZRAV * - ) (x,) {M }
' J

\-Porm ﬂ:-.r:"'or’ cuts off
+Hansuerse momenia

~ M+

[ WCG.K buj' coun IDLLI’CJ wp
due to phase-space




I@&gié conclusion :
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M, [TeV]

Figure 2: Total e*e~ — v + nothing cross-section at a 1TeV centre-of-mass energy ete”
collider. The signal from graviton production is presented as solid lines for various numbers
of extra dimension (6 = 2,3,4,5). The Standard Model background for unpolarized beams
is given by the upper dash-dotted line, and the background with 90% polarization is given
by the lower dash-dotted line. The signal and background are computed with the require-
ment E. < 450 GeV in order to eliminate the ¥Z — v contribution to the background.

The dashed line is the Standard Model background subtracted signal from a representative
dimension-6 operator.
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Figure 4: The total jet 4+ nothing cross-section versus Mp at the LHC integrated for all
By > 1 TeV with the requirement that |n| < 3.0. The Standard Model background is
the dash-dotted line, and the signal is plotted as solid and dashed lines for § = 2 and 4 extra

dimensions. The a (b) lines are constructed by integrating the cross-section over § < M},
(all &).
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