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In this poster, we present a model of large extra dimensionerevthe internal space has the
geometry of a hyperbolic disc. Compared with the ADD modak model provides a more sat-
isfactory solution to the hierarchy problem between theteteveak scale and the Planck scale,
and it also avoids constraints from astrophysics. Sinceetleeno known analytic form of the
Kaluza—Klein spectrum for our choice of geometry, we obgagpectrum based on a combination
of approximations and numerical computations. We studyptiesible signatures of our model
for hadron colliders, especially the LHC, where the mostantgnt processes are the production
of a graviton together with a hadronic jet or a photon. We fhrat for the case of hadronic jet pro-
duction, it is possible to obtain relatively strong signalhile for the case of photon production,
this is much more difficult.
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1. INTRODUCTION AND THE HIERARCHY PROBLEM

One of the main motivations for large extra dimensions is that they provide &icsolio
the so-called hierarchy problem between the electroweak $4gle~ 100GeV and the Planck
scaleMp, = Ggl/ 2~ 109GeV. TheoreticallyMey, is expected to obtain loop corrections of order
Mp; > Mew. Therefore, a miraculous cancellation is needed to kdgpat the order of 100GeV.
The so-called ADD (Arkani-Hamed, Dimopoulos, and Dvali) modgl [1] jues a very elegant
solution to this problem. However, this solution is not completely satisfactorgestrturns out
to be just a reformulation of the problem, which means that the ADD model stiktrsuffom the
hierarchy problem. In models with hyperbolic geomefty [2], this problem niightemedied.

2. THEHYPERBOLIC DISC MODEL

The model that we consider is similar to the ADD model, with the only exception tleat th
internal space is a two-dimensional hyperbolic disc, with constant negatiwaturev [§]. The
SM fields are assumed to be confined to a four-dimensional brane, whil#éygalone probes the
extra dimensions. See F{g. 1 for an illustration.

Figure 1. An illustration of the brane and the extra dimensions. Therédas been adopted fr0||ﬂ| [4].

In the ADD model, the Planck scaMp, is replaced by a new mass scée. The two scales
are related through the equatid:;lh%I =VM?. If V is large enough, theNl, could be as low as
Mew ~ 1 TeV, hence eliminating the hierarchy problem betwé&gn and Me,,.. However, in the
ADD model, the radiugs ~ 103Y/9M,, and thus, a new hierarchy problem is created, which means
that the hierarchy problem is only reformulated as the question of why thiesaf the internal
space is so large compared to the electroweak scale.

The area of a hyperbolic disc with radiuss

am . vL m
V= ?smhz <2> ~ ZeXp(VL), VL1

This has the result that, if the internal space is a hyperbolic disc, then isslpe to havéMp) ~
Mew~ L1, i.e, no new large hierarchy is introduced, if alsoz M,.
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3. COMPARISON WITH THE ADD MODEL

In the ADD model, there is a single free parameter, which can be taken to Ineaiteescale
M,. In the hyperbolic disc model, the curvaturenters as an additional parameter. In the ADD
model, the physical results are independent of the position of the braneimténnal space. In the
hyperbolic disc model, this is no longer true, and the results depend ondiat pasition of the
brane on the disc. Hence, this positiag, is a another free parameter. In total then, there are three
free parameters in the hyperbolic disc model.

Since the KK spectrum starts outrat=~ 0 in the ADD model, it is important to make sure
that there is no overproduction of light KK modes in hot systems, suchpesrsavae or the early
Universe. These considerations place restrictions on the sig imfthe ADD model, in particular
for d = 2, in which case the lower bound M, > 50TeV. In the hyperbolic disc model, on the
other hand, it seems likely that the spectrum starts out at the non-zemmatw/2. Hence, ifv
is large enough, then these astrophysical constraints are avoidedué\feav of the same order
of magnitude ad/, is desirable in order not to introduce a new large hierarchy, and in théesvcas
is by far large enough to avoid the constraintshdn

Finally, while it is possible to find an exact solution for the KK spectrum in theDADodel,
this is not possible in the hyperbolic disc model, due to the more complicated ggordetnce,
only approximate results can be obtained for this model.

Thus, we observe that in the hyperbolic disc model, the hierarchy protéenbe solved and
the astrophysical constraints &M, can be avoided. However, there are additional complications
compared to the ADD model, since the parameter space is larger, and sineésthe analytic
solution for the KK spectrum.

4. LHC PHENOMENOLOGY

The KK modes of the graviton couple to all SM fields. We have considerssiige production
processes of KK gravitons at the LHC. Since each individual KK modeles very weakly to SM
fields, we need to study the production of any kinematically available KK modeautsse of the
weak couplings, the graviton is not observed in detectors, and hereocepnegider production of a
graviton together with some observable particle. At the LHC, there are twiestbeg reactions:
p+p— jet+Gandp+ p— y+ G, which both give rise to missing energy signals. See [Fig. 2 for
the Feynman diagrams of the two reactions.

Figure 2: The Feynman diagrams for the reactigns p — jet+ G (left) andp+ p — y+ G (right).
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5. RESULTS

For both of the reactions mentioned above, we have computed the diffé@nBa sections
with respect to the transverse momentpfof the outgoing jet/photon, and with respect to(@®s
where0 is the angle between the beam and the jet/photon. As a reference, wevaltbegcorre-
sponding results for the ADD model, as well as the SM background, whiaflyr@mes from the
processep+ p — jet/y+Z(— vv).

In Figs.[3 and}4, the jet production results that could be observed atHigedre shown as
functions of pr and co$6), respectively, whereas in Figg. 5 aljd 6, the corresponding results fo

photon production are shown.
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Figure 3: The differential cross section for graviton plus jet protioie with respect topr. Left panel:
M, = 1.5TeV. Right panelM, = 2TeV.
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Figure 4: The differential cross section for graviton plus jet protioic with respect to cd®). Left panel:
M, = 1.5TeV. Right panelM, = 2TeV.

6. CONCLUSIONS

In conclusion, we have found that i) the signals are similar to those of the #b@gel, ii) the
most promising signal comes from the jet channel, and finally, iii) it is more difftowobtain an
observable signal from the photon channel.
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Figure 5: The differential cross section for graviton plus photondarction with respect t@r. Left panel:
M, = 1TeV. Right panelM, = 1.5TeV.
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Figure 6: The differential cross section for graviton plus photondurction with respect to c¢§). Left
panel:M, = 1TeV. Right panelM, = 1.5TeV.
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