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-
Background metric of the RSII-n model

T. Gherghetta M. Shaposhnikov 2000.

Consider (3 + n) - brane with n compact dimensions, embedded in a
(5 + n) - spacetime with slice AdSs;, metric:

ds? = a(z)?(nudxtdx” — 6;d0'd¢V) — dz?, (1)

z -is the infinite extra-dimension

0; - are the compact extra-dimensions 6; € [0,27R;], i =1, n,
n - is a number of compact extra-dimensions,

a(z) = e ¥I?l'is a warp factor from Randall-Sundrum model.
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Peculiar features of the RSII-n model

@ Single brane along z direction

@ Orbifold geometry of the compact extra-dimensions 6;,
Z> identification: 6; — —0;

@ The constant zero modes A(®) = const of the massless fields could be
localized due to the presence of the warp-factor in the overlap integral

/dz a"|AQ)2 s finite,

o Kaluza-Klein excitations of the SM particles posses a gapless mass
spectrum. Unparticle scenario!
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SU(2) x U(1) bulk sector of the Standard Model
The action of the theory:

1

3= /d4x dZH 27 R Vel FI\/IN) BI%/IN + (Dm®)! Dyo—

V(O ) + ()],
Fiyn: Bun, ® are the bulk fields.

fermions 1) are localized on the brane and depend only on four-dimensional
coordinates x.

A v2\ 2
Vol o) =2 (chcb — > (3)
2 2
Dy® = Oy d — i%BMCD - @%Am (4)
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Equations of motion for bulk photon

<—852 + (24 n)ksign(z)0s — 5—2

—p225 - ip“@yﬁu
2

=0,

- 1 -
) Ay + ?pMPAAu‘f’

+ipa <857\5 —(2+n)k sign(z)7\5> =0.

We set the gauge As =0,

the constant solution with respect to fifth z-coordinate

Zﬁo)(p,z) = A = const, is a photon localized on the brane.

/oo dz e—nk|z| |:4'(0)| 2 _ 1 = Z(O) _
0

nk
5

. . [2
Lint = eS'QD’YuwAM(X)A(O) = 6e5=& E
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Equations of motion for bulk Z° boson.

Physically transversal mode of Z boson obeys the equation:

<—8§ + (2 4 n)ksign(z)ds + m% — :2) Zm(z) =0, m? = p?, (8)

One easily finds:

Zm(z) = \/ie('zurl)/dﬂ [amJy <%ek|2|> + b, N, (%ekm” 7
normalization condition:
/ dze "Mz (2)Zw(2) = 6(m—m'), &%+ b2 =1,
boundary condition on the brane:
07Zm(+0) — 9,Z,(—0) = 0.
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Classical limit and constraints

if £>> 1, then Z2(0) tends to the delta function:

nk 1T, 1 nk

2 w2 (m— Myg)? + <r§5>2

27 myn [ n

are the invisible width decay, and the mass of Z° boson respectively.

Constraints on the parameters k and n are defined by the following
condition:

M&s(m) =

M4s(Mz) < ATZ . ~15MeV  C.Amsler et al. PDG (2008)

ATZ . —is the experimental uncertanty.
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The table of the constraints on n and k

n SUQ2)puik X UL)puc  SU(2)brane % U(1)puik

k(GeV) k(GeV)
1 5.5-10° 1.3-10°
2 20-103 10- 103
3 2.5.103 1.6-103
4 900 600
5 400 300
6 300 200

Lower bounds of the parameter k following from invisible Z boson decay
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10—10 L

10—19 L

10 100 1000 104

m, GeV

Squared wave function of the bulk photon A2 (0) versus energy scale of the
theory m
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Mz =91.3 GeV

100 200 500 1000 2000 5000 1x10%

m, GeV

Squared wave function of the bulk Z boson Z2(0) versus energy scale of
the theory m
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V/s =1000GeV, 0.8 < cosf < 0.8

do [dgr [pb/Gev]

10-6 i i i
200 250 300 350 400
transverse photon energy ¢r [GeV]

@ SM+SU(2)pur X U(1)pur 1 =4, k =900 GeV
v SMSU(2prane X UMy 1 = 4, k = 600 GeV.
a-a SM+ADD n = 2, Mp = 2160 GeV

— SM

Differential eTe™ — ~ + Zpk cross-section at /s = 1TeV integrated over
angle between photon and beam in the range —0.8 < cosf < 0.8. We have
imposed the cut g < 400 GeV for both signal and background

ete™ — v+ v.
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V/s = 1000 GeV, —(JS <cosf < U8

M‘u““
nﬂ‘““
éis,
i
n..“‘.““
i,
sig,
"‘11
“

do [dgr [pb/Gev]

-6 i i
10 200 250 300 350 400
transverse photon energy ¢r [GeV]

@ SM+SU(2)pur X U(1)pur 1 =5, k =400 GeV
e SMESU(@pane X ULyt 1 = 5, k = 300 GeV

a-a SM+ADD n = 3, Mp = 1260 GeV

— SM

Differential eTe™ — ~ + Zpk cross-section at /s = 1TeV integrated over
angle between photon and beam in the range —0.8 < cosf < 0.8. We have
imposed the cut g < 400 GeV for both signal and background

ete™ — v+ v.
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.
pp — jet+nothing

To calculate the cross section of the process pp — jet + Zp,c We consider
the subprocess

a9 — & + Zpuik,
98 — q + Zpuik

d’c fi(x1) fi(x2) 1
_ 97 _ | dxd a) i y 2
dy prdpt / aee Z X1 xo 4msm Z|M"’_’k(b”’k)‘
iJ=q,4,8 k (11)

pT — is the transversal momentum of a jet.

y — is the rapidity of a jet.

m? = x1x0S (1 — PL_ o7y p—Tey) > 0 is the invariant bulk mass of

x1v/s x24/5
Zbulk
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Allowed area for longitudinal momentum of a partons, x; versus x, The
rapidity of a jet y = 0,1,2, X™* = 2py/\/5 is the transversal portion of
missing energy. The center mass energy is /s = 14TeV, the transversal
momentum of a jet are pr = 1.5TeV and pr = 1TeV
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[pb/GeV]

dpy

do

500 1000 1500 2000
pr. [Gev]

Comparison of differential cross-sections for the processes

pp — jet + Zpyk(solid line) and pp — jet + ypuk (dotted line) at LHC for
\/s = 14 TeV versus transversal momentum pt of a jet. The background
signal of the SM comes from pp — jet + D (dash-and-dot line)
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Differential cross-sections for the processes pp — jet + Zpuk + Vpuik(solid
line) at LHC for /s = 14 TeV versus transversal momentum pr of a jet.
The background signal of the SM comes from pp — jet + v
(dash-and-dot line)
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Summary and conclusion

@ From invisible decay of Z boson into the additonal dimensions we
obtain a viable experimental constraints on numbers of extra
dimension n and AdS curvature k. For n =3, k > 2,5 TeV for
n=4, k>900 GeV and for n =5, k > 400 TeV.

@ We represent a cross-section for the signal pp — jet + "nothing” in
the RSII-n brane world model. There is a hope of detection particle
escaping from our brane if the numbers of compact extra dimensions
equal 4 and 5.

@ The things to be done: the processes pp — jet + Wti/k
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