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Before turning to Pythia,
we
(ATLAS colleagues M.EIKacimi, D.Goujdami

had played with

CalcHEP
(A.Pukhov)




The Universal Extra Dimensions model

“solves” some known problems
(gauge couplings unification,
symmetry breaking at the TeV,
fermion masses hierarchy,
Higgs doublet generation,...)

AND

mocks the MSSM ra



A review of the Universal Extra Dimensions (U

“Universal” == ALL SM particles propagate i

n=1,2,3,... Kaluza Klein
for each SM parti




A bit of UED Zoology

Q (“D”oublet), U and D (“S”inglets) fields describe the quark
e.g. for the 3 generation first level parti
Q(O)3E(t,b)|_
UO.=t: and DO,=k

Bosons W3J'H and [




“n=1" KK states — a very dege

All particles have practically the same mass =




Radiative Correction

KK number is conserved at

First order correcti

M (GeV)

FIG. 6: The spectrum of the first KK level at (a) tree level and (b) one-loop, for R~! = 500 GeV,

AR =20, mj = 120 GeV, M7 = 0, and assuming vanishing boundary terms at the cut-off scale A



Minimal UED scenario

Fermions and bosons live in a
4+06 ( R ~ TeV-') dimensional “thick” brane.
Minimal is the & =1 case.

+ Gravity mediated d

The “thick brane” (of dimension 4+3) whe
is embedded in a larger space of (4+N) dimensio

The graviton field &

with an infinity of excited mode

which can decay th

There is hence



Pythia_UED soon to be in Pythia 6.4.1

* UED particle spectrum and production mechanisms

MSEL=100 : g+g—g'+g”
g +g — Dqg + Dgbar, S

MSEL = 101 :

MSEL = 102 :




Modifications to Pythia

(many thanks to the Pythia authors, in particular the CERN based on

MODIFIED ROUTINES

pydata.f (declares all Pythia vectors-matrices needed;
modified to include the UED particles and

pyofsh.f (computes partial widths and differenti
for channels/processes not allo
and selects masses in such
modified to include KK p
pyscat.f (finds outgoing flavours
sets up the kine

NEW ROUTI



Production cross
pp —g9*g",9%*q*,q"q"
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Production cross sections
pp —9"9%,9"q*,9"q* —» KK + KK— y* + y* +

Pythig UED

a(pb)
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Decay widths for bosons and fe

Pythia_UED Gravity mediated Phy
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Decay proce
mass splittin




Summary and outlook

Minimal and
gravity mediated UED
almost in Pythia 6.4.16.

Validation tests

have been performed,

and also

within the ATLAS environment.

Could we have a Pythia
generating UED events
before the LHC turns on?

XtraDs around the corner?






UED - Cosmological Aspects
(the need? for gravity mediated decays)

Existence of new particles — cosmological pr
If some of these survive at the moment of nu
they could combine with other nuclei and form
Such isotopes have been searched
In addition, many cosmologi
exclude the existence of particles wi

These problems can be avoided if K
The lifetime depends on the str
usually suppressed by



Cosmological Aspects

Existence of these new particles — cosmological pr
If some of these survive at the moment of nucle
they could combine with other nuclei and form he
Such isotopes have been searched f
In addition, many cosmologi
exclude the existence of particles wit
These problems can be avoided if KK nu
A solution: gravi






Lagrangian
(Bound on Universal Extra Dimensions hep-ph/0012100 Appel

space-time coordinates, »*, p = 0,1,2,3, and the coordinates of the extra dimensions,
y*, a=1,...,4. The 4-dimensional Lagrangian can be obtained by dimensional reduction
from the (4 + &)-dimensional theory,

3

1 o a a a
E(ld“') = fdtsy{_z 2@2—-[‘1' [’F% Ia('rp.'y )Fiaﬁ(xpvy :]i| +£’Higgs(r'u!y )

i=1

+i(Q,U.D) (%) (T" Dy + T Daya ) (Q.U, D) (2, y°)
+[0(*, y*) (Nt (2 y")ioa H* (2, y*) + ApD(a*, y*) H (2", y%)) + h.e. ]} (2.1)

Here F*7 are the (44 §)-dimensional gauge field strengths associated with the SU(3)e x
SU(2)w x U(1l)y group, while D, = 0/0z* — A, and Dsy, = 9/0y" — A34, are the
covariant derivatives, with 4, = —iZ?zl ;AT T7 being the (4 + d)-dimensional gange
fields. The piece Lpjges of the (4 + d)-dimensional Lagrangian contains the kinetic term
for the (4 4+ &)-dimensional Higgs doublet H, and the Higgs potential. The (4 + 4)-
dimensional gauge couplings ;. and the Yukawa couplings collected in the 3 x 3 matrices

5\{‘4,9, have dimension (mass) /2.

The fields Q.4 and D describe the (4 4 d)-dimensional fermions whose zero-modes
are given by the 4-dimensional standard model quarks. A summation over a generational
index is implicit in Eq. (2.1). For example, the 4-dimensional, third generation quarks
may be written as ng” = (t,b)L, UEED) = tg, D:E,D) = bg. The kinetic and Yukawa terms for




Radiative corrections - bulk
Radiative corrections
hep-ph/0204342

Bulk corrections
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Radiative corrections - Higgses
Radiative corrections to Kaluza-Klein mass
hep-ph/0204342 Cheng, Matchev, Sch

Finally we discuss the KK modes of the Higgs field. The
KK modes of W and Z acquire their masses by “eating”
linear combmations of the fifth component of the gauge
fields and the Higgs KK modes. The orthogonal combina-
tions remain physical scalar particles. For 1/R= My 7. the
longitudinal components of the KK gauge bosons mostly
come from A5, and the physical scalars are approximately
the KK excitations of the Higgs field. There are 4 states at
each KK level, H> H' A" (notice that Hy and A} are just
the usual Goldstone bosons in the SM). Their corrected
masses are given by

in*:ilﬂﬁ== m,z,-l— m§+ SmEHH
Migge =ty + Mg+ Sy (48)

1 -
m o= my+ M+ omy .
R



Gravity mediated decay of the LKP
code from P.-H. Beauchemin and G.Azuelos, ATL-PUB-PHY

gravity mediated decay of KK pho
Y*—-v6
using proper integration over all gr

For the LKP decay, sum up the graviton
G.F.Giudice, R.Rattazzi, J.D.W
T.Han, J.D.Lykken, R-.J. Z

Result should be relatively in

) Ty

T d=1 Tl ) [ V20 — 1
= T06/2) 2 dmg my~" I'(my) [F(mgR.)]"(n = 1)



Gravity mediated decay of the
The graviton is decomposed into 4D tensor(h), vector(A) c

The de::ﬁy widths to a single graviton are given below. For the decay of a KK fermion:
& M
2w 3847 o
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For the decay of a KK gauge boson excitation, the following results are obtained:

2
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Gravity mediated decay of the LKP

In crder to obtain the total gravitational decay width for a KK excitation, a sum over
KK gravitons with mass smaller than the mass of the decaying particle has to be performed.
Since the masses of the graviton KK excitations are closely spaced, this sum can be replaced
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Figure 3: Mass distribution (left) and energy distribution (right) for the graviton radiated
in the decay of one matter KK excitation with mass 1 TeV. Straight lines corresponds to
N =2 extra dimensions, dashed lines to & = 4, and dotted lines to N = 6,

by an integral over the graviton density of states (for more details, see [12, 10]). The resulis
obtained for sorme values of the model parameters are presented in Fig. 2.

The distributions of the mass and energies of gravitons contributing to the decay of a KK
excitations follow the pattern described in [10]. That is, for ¥ = 2, the decay is mediated
mostly by light gravitons, and the missing energy [t-he energy taken away by the graviton) is
about half the particle mass. For higher V. more massive gravitons contribute to the total
decay width, and the missing ensrgy increases to values close to the KK particle mass, as in
Fig 3.




Decay widths for bosons and fer

N.B.
For N=6 and up to
the KK particles will cas
and the LKP wi
giving a 2 photon +

Note that the magnitude of the decay widths of the KIK excitations can depend quite
strongly on the exact way the model is defined. The widths of decays among same level
KK excitations depend on the masses involved, therefore on the cutoff scale A (although
this dependence is only logarithmic), and, maybe more importantly, on the assumptions
made in fixing the unknown coefficients of the boundary terms. The widths of the gravity
mediated decays depend, of course, on the exact mechanism which induces these decays.
But even for a specific mechanism, let’s take the fat brane scenario as an example, they will
depend on parameters like the number of dimensions in which gravity propagates (N), or on
the fundamental Planck scale Mp. As a consequence, an analysis of the interplay between

gravity and mass splitting effects in the decavs of first level KK excitations is bound to be
New Signal for UED, Phys.Lett.B546 (2002) 253, hep-ph/020

quite model dependent.



