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1. Introduction

Propkm : The f:ﬂmpaf{bih'tﬂ 0-} guantum mechanics with
Semml ra1aﬁ‘ﬂ"rd?

To solve +his Prnblrc‘m :
1. Remove the diwrﬁ«cﬂcﬁs from the -1um+um theory
0% smtrH"H
L U“""f.'j dmtﬂ‘ﬂ with the rm‘crl:ascnrfc F—nrh‘cli
interactons.,
Shring thitey —» solves thee +wo fmb!nmjlf
11 dimensions . 7 of {1 dimensions are compact
ond vy small , ~ Planck scale.
klew: clesses J; rodeds al;innhrm Smwl:j and 5+ﬁ‘*j F‘Usigg
is much wore accessiple +o thmmi-
ond may even eppear directly in the
realm of the LHC ond LC.
Fr\lenir space dimensions +hat are not s0 small

Congider n extra dimensions +o be rﬂn‘u&ﬁ: wilth fm’ad 205

The gravitotional force : Fa MMy =S5 R dlmensione,
W i fﬂ rl J L} 2

Fow MWa R, Yin dimensins.
rﬂl'l

Define the fundamental quantw gravity scale M.

(un ) = RY M
s
fix Gy to s fragne beous

shsenved valve 1m:ﬂzr values Smaller
0§ R
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. Grovity ?rupuau-hs . &44n Jimesions.

o SM Giells are forced to lie on a wall ,or 3- dimeasicnal brane,
in 44n dimeasional space-

s The Kalva- Klein (KK) +ower ¢f mossive gravitons whith are
Predrc’md in these models can Internct with the ™ -Felcls
on the wall.

+ The spacing of the KK states is given hﬂ ~ 1/R .

» The pictore of o massless gravifon propagating in 4+
dimngions and the picture nf massive KK amw‘tans
propagating a4 dlmeasioas are  eguivalent.

How lorge ceold R be 3
Thete are fuur natual chorces ia the litecature :
1. micro @ 6y, R, M ~ Planck [ J.5cherk and J.H. Schwarz
senle
1934 ]
Loming s M Mo~ 200 6ev [P Hofava and E.Withen,
1996 ]
2 oerdi s R TeY sceale
n=6b — M=8000TeV [ I Anbaiads, 1990 ]
Rondall - Sundrum Model  (1998)

g-mayy: M~ TeV seale.
- R
Rz mm—femi  lange distanees | (svomilimerer )

Avkan - Homed , Dimopovles , Dvali” Mede| (1995



2. Graviten lnteraction Luﬂrmainn » éraviten  Fropaga dor
and  Feynman Rules

The 5mui’m interaction Ln&rnnau‘qn 2

ab y [E_F. Eiudice et.al
e hep-ph/ 281291 ]

R energy - momentum tensor
’r_? : ordinary reduced Planck mass : Hp - Mo /fen - 2.4.10° beY

o

-E;M-' . MAassive ﬁpin- 1 KK starés
n: n-th exertntion of o 55-.“.'%&11

By

Tha Ftsnm nn?!ihh !j'-or the case Oj- N magsive Srmn"hﬂ Eﬂhﬂﬁjes:

M. L < TP TF
Hp 0 kbwl4i€

m, = Inl /R ¢ mass of the n-th KK excitation.

Pa.--'f-.-' . polarization som of the rm&u.’.’r ﬂj Jwe jmui-f-an fr:'ld;;_
5 5 s *
ﬁ,j,n, (k) - :;1-: %T-’ (k) £f$ (k)

Pol_qﬁ:m’r-;m ‘ensors °'f Massive
spin-2 particles can be constructed
£ rom the POIurimh‘m vectors af
massive vector bosons , £ 4:C

P Ur.]:_L[(q ﬂi)[qu- E_E_Etg'__)

s 2 M m? m
(Y1, S

S S e

m'.'l. Hi‘
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!"[ ® Ln‘: is on shell, K'= e

‘H
K" By (1= 0 , Page (K1 = 0

The 4erms  in the Pﬂlanmh‘m sum 4hat are quadrats and
quarti= fa the trons§erred momentum dont  contribste 4o the
oove Fﬁ“""‘“ ﬂ-"‘ﬂi-hde sine ".""l e anzgrigd

K T =0
ﬂnlﬂ non— \hil;hfﬂd 4erme of J""J"" :
..l[ J’]w 1.;- 'T.T ﬂf““‘tf"] (1)

leads to ferms I:-rorn"ln‘mn! to
1; T'F'F fa the F&rlmn
n-fll‘i'u:l'! whith vanes hes :for
massless Tatial (10 or -j-fnnl . states.
Whal s ?H"f" f« the massless amm."rnn?
‘Hf' (k) = E (k) el L (E) o wassless povticle

s=t 7 0aly have 'hwo
rnl anhon Stotes,

s M O TR Wl W) RS O

Hence , the Sl'ﬂ."dilm'l'h Fro-rﬂﬁainr N momentum spac :
(OIS
g VAT VAL RLE ARG {“[k } _.,"'.“_EE__E. p Masshe it
K+ 1€ Eﬂ‘v}'ﬂ' o Eq.Cﬂ
PG ) Lol gt
k- Cpope ™ €4 (2)
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The wawtd  energy- momentum fensor for & (omplex scolar {reld / "
& gouge vechr bason (/) and a fermion (F) .

= + t
Ty ==, OTE"D §rmgg'd [T.Han etal

+ 0,60, 41,670, ¢

hep-ph /98! 1350]

B (5P B (308 - A
-§ (T AA L)) 4 (3274 A YA

T M (T8I0 - P )L PRV LR Y
x ﬂg.i 37("?"3’; “?’) ‘%l: L2 (_T—‘.Xv 'qj)' 'l.:; }V[LF'-%;ﬂ

I-?').u_ - Bﬁ 1 ;3 fl\ﬂq Tq

& ; 3wj:_.-ffnhj Farmk!r. ?5=|.,$?1u3?der

.f,_; *'f*\.f ond J’.F con be fMJhLT-Hm ¢{'.n|].

Vectex Feynmon Rules :

kl:“ \"L
2 T T
: %ﬁ]

ky,m

MRt
’b\'."u"l) ' ?;";{Lff' -

=

A

Aty
v 0
lr.un::;;ﬁ* Y

Y, (Y]
kI ;M gj‘w

o)
Gy

jet

gm;'wll.;x!_: : ":SL gmn[ﬂ;u {k‘i"ﬂ‘fk‘zv‘)—tljy(\k‘}ﬂ%
~2M,, (B tha-2 ""1:)]

b
Gy AP -f}é.s“ [ (4 kk,) cﬁf +

!_1'&‘_'.1' A 1 B o)
EE.F” f’l’-‘ﬁ‘ i 'j%-[;\m (C,A*’.fb‘ = ﬂ,w ’Trﬁ-)g
X Ufﬁﬂ‘ﬁﬂ



RSP : gy = g oy 4 4 = e, T
Drgr (R116) = 9 liglap — [ M Ky e + Mgk b
e b + (o) ]
Epnge () 4, (bl + bk, +hob,,)

-[v,, ke 4 0 Ky 1 (pev)]

3. Grayiton Enchanﬂ: Proasses and Contact Interacdion
Limit

More ,sn:ﬁn-:ffwﬁ wrstraimts 40 extra dimesions come from searches
J]'-'or quantm 3"“‘"3}] E-H-eds ot accelerators. Two medheds
howe lnron PrnPasrd :
1, To search f"" processes. fa which a collisvon covses
o ‘TWH'“I’I {e be rodated aﬁ the brare | carrying
with T yobserued  momantum :

ETE_.__} EE J!.!r'l’:'ﬂ,l Lf”j ,
99 - q€ okon Celicler

2., To search -fa' e contact fateraction in -fcrmfm- fzmm
repctions dve 4o Smuf‘lvﬂ ea:r.\\cmae.

efe > §7

aq— £ E[I.L. Heweht her—phjﬁal_ll’ﬁé] based on ADD model.
ale ., Ly (541 Y g
e %[ca F. Gudice etal T e

hep-ph./ 451l 15!]
qq - 1L }[”* Mool el mﬁk[alnme] bosed on R-S model.

go ~» B°F

;' ‘;:‘I =y "'1'"_‘-'
L] L] 5
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The most hasie  condri bution -jar kX stotes t0 cudent hgh mrdj_h
P‘nmnnuﬂlngy would be the Eﬁﬂd‘ﬁ on fm.r--fum’r.rn interaction.

Consider o 'jgntﬁt: —fm.r-]‘ermiun FMM:

)0 = LT
i >qmm< @)
KK
'gl uﬂ {1 'fth.}

The effectiv omplitvde : [ T.Hon of.al hep-ph /88N350 |
/u_; = “’-—EICL [U"q"l“a} : (ﬁllﬂtj :E B.Hft %.‘ ‘E}' f‘-
+ ‘E {k’l+%.’ft§ [m*%H‘ _% m{‘mh E-f":'-?' ]

hewe , €, : % D(s) ET-(E')
5= (%)% (44, Cp % - I‘“‘f‘r lu:,(_"_:*ﬁ) fa,
D) comts for +he i MY
exe e uirhunl ¥ =
Ktmﬁfﬁ e )

Mo cutoff scale ((striag scale )
Hndamentl qmn{'w jmvﬂﬂ seal
The umPh"mdt has +he &‘mtm‘nn?ul Pre-facfw HFLI_] rstead of
the Plasck mess  suppression. |
Due 4o the ?O.f"ﬂldt stouchue o-j-Jr"n:e condack inderacthion in E‘i'(a‘] F

mtjsts 00 +he {-i‘mi shote unjul,n.r diskry bitiong rmj reueal
deviotion s -Efnm e SM Traé*ch‘ms.
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Exchanges of virtval KK stotes can also contribute Yo prowsses
ke - e
‘ ol L = Mg, Y, 14,)

‘(‘MM WDy st
£k 114 Vi (9)

The offective amplitude can be found i [T.um ot.al |

4. Discussion

) Av ‘ .
Feni dhoory + L - & (WS 4h0) — (jﬂ}%H_t i
I X I 1 7 andlos
Growity ;L= -1 63‘T” s TV Prvpe TV N
-I-'M.nrj g nf. L h"'-m,ﬁit
N [:_13( 5—3’ f)
contact A Dlk)=2 i
nicrachezn o “hn k-m tie
i L POTVE L T e
P ’ 'J'L;(:.IH
At LHEC
{n)
nthial Stoles inderesting final slades 2
3%-99 3-,:4(‘.1‘»;': frml states 7

Jots tn il shades ?
Baqular destributions a]‘— Sinal Stades 7
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