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Warped Extra Dimension
with the Small Curvature

sackground (Adss ) meiric (Randall & Sundrum, 1999)

ds® = yy (2) dzMdz™ =e2* W g dxdx” + dy?

1.,,- Minkowski tensor (M, N =0,1,...4)
I" is the radius of ED (—ﬂ'l' < y£7zr)

rlierarcny relaijorn)
2 M¢ 27K xr ~10
M PI — T(e — 1)

M p| - Planck mass
M .- gravity scale in 5 dimensions



Graviiy lives in ine oulx

SM f1alds are conilnac io ifla TaV orapne




Graviiational S-cimansional fialc

Oun (2) = 7w (2) A 3/2 N (2)

Kaluza-iKlein (;<;<) ¢JraV/Iions

N, (X y) = Zh(”’(x) o (Y)

Radion (scalar) il2ld

N, (X, y) = ¢(X)

graviton masses [ = X K



Interacilon Lagrangian on ine TaV orane

. M 3
physical scale A 75

Large curvailra ootjof)

k~M;=1TeV

series of massive resonances
(A_,m =1TeV)



Small curvaiure 0oilon (Giudice et al., 2004,

Kisselev & Petrov, 2005)
K<<M;=1TeV

narrow low-mass resonances
with the small mass splitting (Am ~ zx)

1075 < iGN
MS

Formal relailon io ¢ravity i il
space-iifne wiin oneg cogaci E0)

1 : .
K= 27 A — M, R isthe radius of ED



AdS; Metric vs. Flat Metric
with One Compact ED
RS mocdel with tne small curvaiure Is not

sirnilar to a mocde] witn one large =D
of the size R = 7k

For instance, R =50 MeV (1GeV)

czal) De realized only for d = 7(10)
d is the number of ED’s
d=1 R. = solar distance

d = 2(3) - strongly limited by
astropnysical oouncds



rlierarcny equailon in d il ED's (D=4-r)
2 d 2+d

Limiiing case of a similar relailon)
for ine waroped meiric

U

M3
MF2> 5 (ezmcr _1) 2mx1 <<1 9 r M 3
5 2
2rkr <<1 Ms oo [ Mo
K M.

(Unrealisiic)






= oerimental signailre at g Lr|C
(Kisselev, Petrov & Ryutin, 2005)

P+ p— p+"nothing”+ p
(Joint CMIS/ITOTEM experiment)
Expeciad nurnoer of avants
Integrated lurninosity: L =30(0.3) fb™

N,, = 9000(90)
for M, =1TeV and M, >14 GeV
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O_gr(Mmiss >M)), tb




Trans-Planckian Scattering on the Brane
(Kisselev & Petrov, 2004/5)

iKinemaiical ragion eikonal approximation

Js > M., Js >> —t

t is 4-momentum transfer
Born amoliiude s ine sum of inea
reggeized gravitons in i-enannel
Gravi-Reggeons:
a,(t)=2+at—a,m;

a; = M ;“- string tension



Graviiational amoliiucde

L1

J

Gravi-Reggeon

1., -SM fields (g, g, I, n...)

1
> = (for all SM fields)

T



Imaginary oari of ine 2ikorel
one rnas io calculaia ina surr)
> exp(-a;mIns)
n+0 _ 1
witn M. = 727(‘(“ + Z)
At K<< Mz w2 o9iaifn

S

Im 7 (s,b) = YE

—exp| —b?/4R2(s) |

R,(S) = \/aé Ins - gravitational radius



mlelds are weakly couolad o ¢raviiy:

A, ~100(M,/1TeV )" " TeV
for small x =100 MeV

Tnea surnrnation of t-crienne]
reggeized graviions

Radlon produciion Is sirongly suporessed

(A, =+3A,)
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Neutrino-nucleon Interactions
at Ultra-high Energies

A
0

]




Gravitaijonal amollitce (S = SX)

Y
S“a!

A (8 = 155 3 exp[tR, ()]

Sxawed (i-dependeant) oarion disirioution)

X,t) = (X ) xp| t(b} — e Inx)]

f (X) standard distribution
of parton |

T
~~

parameiers of ine nard Pomeron Is used
(Petrov & Prokudin, 2002)






Mg =1 TeV, M, = 2 TeV
Mg =1TeV, M, =4 TeV
M, = 2 TeV, M, = 4 TeV







Dotacilon oi cuasi-noriZonial alif snowars

0y tna Piarre Atgar O0sarvaiory

(from www.auger.org)
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CONCLUSIONS

Gravity effects from ED’s may be detected
N by the joint
experiment of the CMS and TOTEM
Collaborations at the

Trans-Planckian gravity induced
scattering of the fields iIs given by
an infinite sum of the t-channel reggeized
gravitons

Gravitational part of the cross section
for cosmic neutrino scattering off the

nucleon is comparable with the
Cross section
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Gravity effects from ED’s are large enough
to be measured in ultra-high-energy
Nneutrino-nucleon events by presently
planned

4.9 per year M=1TeV
1.6 per year M=2TeV

(for Waxman-Bahcall neutrino flux)

Sivl: 0.08 per year
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