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The minimal Universal Extra 
Dimension (mUED) model

The mUED model is constructed on with orbifolding 
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=) An infinite number of KK excitations with mass for each SM particle.

The mUED has two free parameters:
the size of small extra dim.

the cut-off scale of the model

With this setup the mUED expects:
1) The KK-parity                conservation at the vertices. 

2) Lightest KK (LKP) is stable. 

⌘ (�1)n }

Quasi-degenerate mass spectra at each KK level.

The level-1 KK quarks and 

gluons can only be pair

produced at the collider


experiments.

The collider signal of level-1 KK quarks and gluons are then multi-jet/lepton plus missing 
transverse energy. 
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The ‘fat-brane’ scenario 
with the mUED 

• In general, (3+m+1)D manifold ((3+m)-brane) of UED can be embedded in (4+N)D bulk.


• The SM fields live in the 4-brane and only the gravity is allowed to access the full bulk.


• Small spatial dimension, accessible for both matter and gravity, can be viewed as the 
thickness of the SM 3-brane in (4+N)D bulk.


• The sizes of large and small extra dimensions are  


• Both SM particles and the graviton get KK excitations with different masses resulting 
from different compactification scales.


• The gravity induced interactions respect neither KK number nor KK parity.
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In its simplest realization, ‘fat-brane’ = mUED + ADD

r ⇠ eV

�1
to keV

�1 � R ⇠ TeV

�1



The ‘fat-brane’ scenario 
with the mUED
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After fixing     there are three free parameters of the model
size of small extra dim.
size of large extra dim.
number of large extra dim.

MPl. = MN+2
D

⇣ r

2⇡

⌘N

[ADD Relation]

The gravitational coupling of the matter fields is given by:

The term is 

The interaction Lagrangian then becomes:
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Decays of level-1 KK particles 
in ‘fat-brane’ scenario
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Two types of decays are possible:

Gravity Mediated Decays (GMD): KK-number Conserving Decays (KKDC):

•  Strong dependence on the number of

large extra dimensions, N.

• pronounced when N = 2.

• GMD comes to play at the beginning 

of the decay:
q1, g1 ! q/g +G~n

• Pair-produced particle’s final state

is then multi-jet + MET.

• Independent of the number of large extra 
dimensions, N.


• pronounced when N = 6.

• GMD plays part in the final stage of 

decay:
q1, g1 ! soft-jets/leptons ,�1

• Pair-produced particle’s final state

is then di-photon + MET.

�1 ! � +G~n



Decays of level-1 KK particles 
in ‘fat-brane’ scenario
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Decays of level-1 KK particles 
in ‘fat-brane’ scenario
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Decays of level-1 KK particles 
in ‘fat-brane’ scenario
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Decays of level-1 KK particles 
in ‘fat-brane’ scenario
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ATLAS multi-jet and di-
photon searches
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Both searches look for SUSY signal at 13 TeV with 36.1 (multi-jet) and 3.2         (di-photon)

searches:    

fb�1

Multi-jet search (ATLAS-CONF-2017-022): Di-photon search (arXiv:1606.09150):

• 44 inclusive Signal Regions (SR) in Meff

search strategy.

• SRs are characterized by increasing 

number of jets (2j - 6j) and 


• No excess of events above the SM 

background is observed. 

• For each SR %95 C.L. upper limits are put 

on observable BSM cross-section.

me↵(incl.)

me↵(incl.) =
NP

pT>50
pT (j) +MET

• 2 tight photons with

•                                    ,

•                           ,

•                            ,

• No excess of events above the SM 

background is observed.

• %95 C.L. upper limit of 0.93 fb on 

visible BSM cross-section is put. 

��min(jet, p
miss
T ) > 0.5

Emiss
T > 175 GeV

meff > 1500 GeV

pT > 75 GeV
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ATLAS multi-jet and di-
photon searches

Both searches look for SUSY signal at 13 TeV with 36.1 (multi-jet) and 3.2         (di-photon)
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• No excess of events above the SM 

background is observed.
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The parameter space of ‘fat-brane’ 
model after ATLAS searches

• The model is analyzed for N = 2, 4 and 6 and 1 small extra dimension.

• We assumed that              .

•                                 are produced in PYTHIA along with ISR, FSR and 

fragmentation etc.

• GMD’s of level-1 KK particles are incorporated.

• In addition to                       dominant decay (~72%),                       (~28%)is 

also included. 
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⇤R = 5
q1q1, q1g1 and g1g1

�1 ! � +G~n �1 ! Z +G~n

PRD 68, 084008 (2003)

hep-ph/0510418



The parameter space of ‘fat-brane’ 
model after ATLAS searches [N = 2]
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The parameter space of ‘fat-brane’ 
model after ATLAS searches [N = 4]
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Exclusions from ATLAS Multi-jet and di-photon searches for N = 4 at 13 TeV in

2j, 3j and 4j Signal Regions.
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The parameter space of ‘fat-brane’ 
model after ATLAS searches [N = 6]
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Conclusions
• For N = 2 the multi-jet search is more pronounced than di-photon in 

excluding the ‘fat-brane’ model.


• Starting from N = 4 the di-photon analysis starts keeping up with the multi-jet 
results.


• For = 6 exclusion of the parameter space almost dominated by the di-photon 
analysis alone.


• Multi-jet and di-photon searches are complementary in excluding different 
parts of the model parameter space.


• For N = 2, 4  and 6                                                                                   are 
excluded by both searches. 
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(R�1,MD) =
n

(1.3, 15), (2.1, 12), (2.1, 6.5)
o

TeV



Thank you
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The total decay width is obtained by summing over all possible gravity excitations with

mass smaller than the decaying particle:

The gravity KK-states are nearly degenerate in mass is given by

The mUED mass spectra:
2

preserve the 5th dimensional momentum (KK number).
The corresponding coupling constants among KK modes
are simply equal to the SM couplings (up to normaliza-
tion factors such as

√
2). The Feynman rules for the KK

modes can easily be derived (e.g., see Ref. [8, 9]).
In contrast, the coefficients of the boundary terms are

not fixed by Standard Model couplings and correspond
to new free parameters. In fact, they are renormalized
by the bulk interactions and hence are scale dependent
[10, 11]. One might worry that this implies that all pre-
dictive power is lost. However, since the wave functions
of Standard Model fields and KK modes are spread out
over the extra dimension and the new couplings only
exist on the boundaries, their effects are volume sup-
pressed. We can get an estimate for the size of these
volume suppressed corrections with naive dimensional
analysis by assuming strong coupling at the cut-off. The
result is that the mass shifts to KK modes from bound-
ary terms are numerically equal to corrections from loops
δm2

n/m2
n ∼ g2/16π2.

We will assume that the boundary terms are symmetric
under the exchange of the two orbifold fixed points, which
preserves the KK parity discussed below. Most relevant
to the phenomenology are localized kinetic terms for the
SM fields, such as

δ(x5) + δ(x5 − πR)

Λ

[

G4(Fµν)2 + F4Ψi/DΨ + F5Ψγ5∂5Ψ
]

,

(2)

where the dimensionless coefficients G4 and Fi are arbi-
trary and not universal for the different Standard Model
fields. These terms are important phenomenologically for
several reasons: (i) they split the near-degeneracy of KK
modes at each level, (ii) they break KK number conserva-
tion down to a KK parity under which modes with odd
KK numbers are charged, (iii) they introduce possible
new flavor violation.

Since collider signatures depend strongly on the values
of the boundary couplings it is necessary to be definite
and specify them. A reasonable ansatz is to take flavor-
universal boundary terms. Non-universalities would give
rise to FCNCs as in supersymmetry with flavor violating
scalar masses. This still leaves a large number of free pa-
rameters. For definiteness, and also because we find the
resulting phenomenology especially interesting, we make
the assumption that all boundary terms are negligible at
some scale Λ > R−1. This defines our model.

Note that this is completely analogous to the case of
the Minimal Supersymmetric Standard Model (MSSM)
where one has to choose a set of soft supersymmetry
breaking couplings at some high scale, before studying
the phenomenology. Different ansaetze for the parame-
ters can be justified by different theoretical prejudices but
ultimately one should use experimental data to constrain
them. In a sense, our choice of boundary couplings may
be viewed as analogous to the simplest minimal super-
gravity boundary condition – universal scalar and gaug-
ino masses. Thus the model of MUEDs is extremely pre-

FIG. 1: One-loop corrected mass spectrum of the first KK
level in MUEDs for R

−1 = 500 GeV, ΛR = 20 and mh = 120
GeV.

FIG. 2: Radiative corrections (in %) to the spectrum of the
first KK level for R

−1 = 500 GeV, versus ΛR.

dictive and has only three free parameters:

{R, Λ, mh} , (3)

where mh is the mass of the Standard Model Higgs boson.
The low energy KK spectrum of MUEDs depends on

the boundary terms at low scales which are determined
from the high energy parameters through the renormal-
ization group. Since the corrections are small we use the
one-loop leading log approximations. In addition to the
boundary terms we also take into account the non-local
radiative corrections to KK masses. All these were com-
puted at one-loop in [10].

A typical spectrum for the first level KK modes is
shown in Fig. 1. Fig. 2 shows the dependence of the split-
tings between first level KK modes on the cutoff scale Λ.
Typically, the corrections for KK modes with strong in-
teractions are > 10% while those for states with only
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The (4+N)D metric, assumed to be approximately flat, is                                whereĝµ̂⌫̂ = ⌘µ̂⌫̂ + ̂ĥµ̂⌫̂

The higher dimensional (4+N) tensor consists of:

The files can be KK expanded as:


