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Introduction

Hierarchyproblem:largeseparationbetween:

² weakinteractionscale:W mass» 100GeV

² gravitationscale:PlankmassM Pl ´ (GF )¡ 1=2 » 1019 GeV

Possibleapproach:exploitgeometryof space-time:

Postulatethat we live in 3-d "brane"embeddedin higherdimensionalspace

Hierarchyis generatedby geometryof extradimensions(ED)

Possibility that matterandnon-gravitationalforcescon¯nedon 3-braneandgravity

propagatesthroughhigherdimensionalvolume("bulk")

Sincewe do not observedeviationfromNewton'sforceat a distance<» mm

extra-dimensionsmustbe compacti¯edwith radiusR <» mm

Number of perceiveddimensionsdependson whetherobservercanresolve

compacti¯cationradiusR
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Two waysof establishinghierarchythroughextra-dimension:

² ArkhaniAhmed,Dimopoulos,Dvali(ADD):

Trough"Large" °at extra-dimensions,compacti¯edon torus.

² Gravitationalstrengthdilutedby volumeof n extradimensions:M 2
Pl = M n+2

D Rn with MD scaleof

gravity in the bulk

² To accountfor hierarchy: M D » 1 TeV) R À 1=TeV\Large" ED

² EW measurementstest SM gaugē elds to distances» 1=TeV

) SM ¯elds localizedon a brane

² RandallSundrum(RS):

Througha curvedgeometryof the extra-dimension

² Onlyoneextradimension

² hierarchyfromexponentialwarp factor in nonfactorizablegeometry:¤ ¼ = MPe¡ k¼rc

In both cases,the presenceof compacti¯eddimensionsgivesriseto a Kaluza-Kleintower of excited

statesfor the gravitons:Manystrikingsignaturespredictedat Collidersby thesemodels

ED theorieshaveemergedafterdesignof detectors completed) idealway of verifyingrobustnessof

detector for unforeseensignatures
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ADD: Loweringthe scaleof gravity

Consider single ED, compacti¯ed with

periodicity R

Spacevariablesare x; y; z andw.

For a ¯eld Á propagating in ED,

Á(w) = Á(w + R)

A point massat w = 0 will appear as a

sequenceof masseswith spacingR alongw

X

W

R

Calculatethe gravitationalforceF felt by a unit massat a distancer fromthe origin

Useof Gauss'law in n dimensionswhichcanbe writtenas:

Z

F da = SnGnMenc

WhereSn is the surfaceareaof a unit n-sphere,M enc is the massenclosedin the

GaussianvolumeandGn is the n-dimensionalNewton'sconstant
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Surfaceareaof unit sphere:

Sn =
2¼n=2

¡
µ

n
2

¶

S3 = 4¼ S4 = 2¼2

¡ is gammafunction:

¡( n ¡ 1) = (n ¡ 1)¡( n ¡ 1)

¡(1) = 1 ¡( 1
2) =

p
¼

Z

F da = SnGnMenc

Case1: r ¿ R ) onlythe massat W = 0 contributesto the ¯eld

Usingthe fact that F ´ F (r ), andR da = r n¡ 1Sn

3 dimensions:
Z

da = 4¼r 2 ) F = G3
M
r 2

) RecoverNewton'slaw

4 dimensions:
Z

da = 2¼2r 2 ! F = G4
M
r 3

The form of Newton'slaw is modi¯ed at short distances

Short-distanceexperimentscanin principleverifythis
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Case2: r À R: masssourceappears asa wirewith uniform massdensity M =R

Cylindricalgeometry, for calculatinḡeld at distancer fromthe wireconsidera 4-d

cylinderwith sidelengthL andendcapscomposedof 3-dspheresof radiusr .

In 4-d: R da = 4¼r 2L, S4 = 2¼2, Menc = M (L=R). Substitutinginto Gausstheorem:

F 4¼r 2L = 2¼2G4M
L
R

) F = G4M
2¼2

4¼
1

r 2R

At largedistanceswe recoverthe 1=r2 dependence.

Generalisingto n spacedimensions:

Z

da = 4¼r 2Ln¡ 3 Menc = M (L=R)(n¡ 3) ) F =
Sn

4¼
Gn

Rn¡ 3

M
r 2

Identifyingthe n-dimensionalformulato Newton'slaw with GN ´ G3:

Sn

4¼
Gn

Rn¡ 3

M
r 2 = GN

M
r 2 ) GN =

Sn

4¼
Gn

Vn¡ 3

WhereV(n¡ 3) = Rn¡ 3 is the volumeof the (n ¡ 3)-dimensionalcompacti¯edspace

Thestrengthof the gravitationalinteractionasfelt at longdistance(GN ) is equalto

the strengthin n dimensiondilutedby the extradimensionvolume
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De¯ne± ´ n ¡ 3 of previousderivation,number of extra-dimensions

De¯nethe characteristicmassscales:M Pl = (GN )¡ 1=2 » 1019 GeVand

M̂ ±+2
D =

G¡ 1
±

S3+±

We obtainthe reductionformula:

M 2
Pl = 8¼R±M 2+±

D

Assumenow M D » 1 TeV:solvehierarchyproblem

R » 1032=±+3 Gev¡ 1 ) R » 1032=±¡ 16 mm

± = 1 correspondsto astronomicaldistances:ex-

cluded

± = 2 at the limit of presenttestsof Newton'slaw

± R (mm)

1 1016

2 1

3 5£ 10¡ 6

4 10¡ 8

5 10¡ 10
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Experimentaltestsof Newton'slaw

Cavendish-type experimentsusingtorsionpendulum

Parametrizethe deviationfrom Newton's

potentialwith anexponentiallaw

V(r ) = ¡
1

M 2
Pl

m1m2

r
(1 + ®e¡ r=¸ ) :

For ED compacti¯edon torus:

V(r ) = ¡ »
GN M

r
(1 + 2ne¡ r=Rc)

® = 4 for 2 ED on torus) Rc < 0:19mm
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Kaluza-Kleintowers

Featuresof compacti¯edextra-dimensions,dueto periodicity conditionof ¯elds in

extradimension:Á(y + 2n¼R) = Á(y) wherey is extradimension

Spacingof Kaluza-Kleinstatescanbe understood with heuristicconsiderations

Standingwavesin box:

² Wavelengthş suchasthe sizeL ´ 2¼R of the box is a multipleof ¸

² Thewavenumber k satis¯esk ´ 2¼=¸ = n=R with n integer

² Energyis quantizedE = hk

Compactdimensionscanbe assimilatedto a ¯nite box.

² Expect in compacti¯eddimensionparticleswith massspectrumcharacteristicof

standingwaves,i.e. quantizedin unitsof 1=R

Theseoscillationsare calledKaluza-Kleinmodes
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Caseof a singleED

Standard relativisticformulaE 2 = p2 + m2
0 reads:

E 2 = p2 + p2
5 + m2

0

Wherep5 is momentumin ¯fth dimension,quantisedasp5 = hk5 = nh=R

Thusin centerof mass(p = 0) oneobtainsthe followingenergyspectrum:

E 2 =
2

6
6
4m2

0 +
n2h2

R2

3

7
7
5

A 5-dimensions̄eld is identi¯edin 4 dimensionsto a tower of particlesregularly

spacedin masssquared,the gapbeingthe inverseof the compactdimensionsize

) For each̄ eld propagatingin the bulk,with massm0, if m0 ¿ 1=R in the theory

will appear an in¯nite sequenceof stateswith masses1=R, 2=R, 3=R.....

Studywhether,for the di®erentimplementationsof the model theseKK statescanbe

detectedat the LHC
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ADD phenomenology

Two parametersde¯ningthe model: number of ED ±, compacti¯cationscaleM D

ED compacti¯edwith radiusRc connectedto ± andM D by reductionformula

M 2
Pl = 8¼R±

cM
2+±
D

For MD » TeV,ExtraDimensions"Large" mm <» Rc <» fm for ± from2 to 6

EW+strongforcestesteddown to 10¡ 15 mm: SM ¯eldscon¯nedon a 3-brane) only

gravity probesexistenceof ExtraDimensions

Gravity propagatesin bulk: K K tower of spin-2graviton¯elds

² Equallyspacedmasseswith m~n =
r

~n2=R2
c, where~n = (n1; n2; :::n±) labelsthe KK

excitationlevel

² Couplingto the Standard Modelwith universalstrengthM ¡ 1
Pl

Two classesof possiblecollidersignatures:realemissionof KK gravitons,virtual

gravitonexchange
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Directgravitonproduction

Gravitoncouplingstrength» 1=M 2
p, but largenumber of accessibleKK modes

Spacingof modes1=Rc, for ± = 2; M D = 1 TeV,¢ mK K ¿ eV

In colliderprocesswith energyE, (ERc)± massiveKK modesaccessible:For ± = 2

andE = 1 TeVhave1030 modes

Usingthe reductionformula,sumoverall modesexactlycancels» 1=M pl dependence

¾K K »
1

M 2
Pl

(
p

sRc)± »
1

M 2
D

0

B
B
@

p
s

MD

1

C
C
A

±

:

) Sizablecross-sectionfor processes:

¹qq ! gG(k); gq ! qG(k); gg ! gG(k); ¹qq ! ° G(k)
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Directgravitonproductionanalysis(ATLAS)

DirectlyproducedG(k) interactsweaklywith ordinary matterandgoesundetected

Signatureis large /ET fromundetectedgraviton+ a highPT jet or photon

Singlejet analysisrequiring:

² E j et
T > 1 TeV, j´ j etj < 2:5

² Veto leptons

² Veto ¿ ! hadrons

Signal emergesfrom backgroundat

high /ET

Dominant SM contribution is

Z ! º º +1 jet
1

10

10 2

10 3

10 4

10 5

10 6

0 250 500 750 1000 1250 1500 1750 2000

jW(en), jW(mn)

jW(t n)

jZ(nn)

total background

signal d=2  MD = 4 TeV

signal d=2  MD = 8 TeV

signal d=3  MD = 5 TeV

signal d=4  MD = 5 TeV

Rs = 14 TeV

ET
miss  (GeV)

E
ve

nt
s 

/ 2
0 

G
eV

Applystandard cut at /ET > 1 TeVto evaluatediscoverypotential

E®ectivelow-energytheory: validup to M D . Truncatecross-sectionwhenŝ > M 2
D
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Sensitivity evaluation

Signi¯cancefor j G production

asa functionof E j et
T cut

Smax = S=
p

B

Smin = S=
p

®B with ® » 7, accounts

for the fact that the backgroundcali-

brationsampleZ ! `` is smallerthan

the dominantZ ! º º background. 3

4
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jet
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)

d=2

d=3

d=4

d=2

d=4

Rs = 14 TeV, 1 year at 10 34 cm -2s-1

ATLFAST
Smax G 5 , S G 100

Smin  G 5 , S G 100

Reachin M D : Smax > 5, ¸ 100signalevents, E j et
T > 1 TeV

± M max
D (TeV) M max

D (TeV) M min
d (TeV)

100fb¡ 1 100fb¡ 1

2 7.7 9.1 » 4

3 6.2 7.0 » 4:5

4 5.2 6.0 » 5

M min
d is Md below which analysisresults not

reliable,becausehigh-scalephysicsa®ectsresults
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Virtual gravitonexchange

Exchangeof a virtualgravitonsaltersthe crosssectionfor particle pairproduction

Mostpromisingchannelspp ! G¤ ! `+ ` ¡ , pp ! G¤ ! ° °

Interferencewith SM:e®ectparametrizedin termsof ´ = F
M 4

s

d¾́
dM dcosµ¤

=
d¾SM

dM dcosµ¤
+ ´ f int (M ; cosµ) + ´ 2f K K (M ; cosµ¤)

Sumovergravitonstatesdivergent,assumecut-o®at M s.

Explicitform of F dependson (unknown) quantumgravity theory, perturbative

approachno more validwhenŝ » M 2
s

Gluon-gluoninitial statecontributesto f K K for leptons
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In conventionwhereF = 1, independentfromnumber of extra-dimensions:

Studyinvariant massspectrumfor both `` and° ° , M ° ° ;`` < 0:9MS (regularization)

Establishminimalcut on M ° ° ;`` to optimizesensitivity

For 10 (100) fb¡ 1:

M s > 5:1(6:7) TeV(° ° ) M s > 5:4(7:0) TeV(`` ) M s > 5:7(7:4) TeV(combined)

Reachdependscruciallyon systematiccontrolof m° ° andm`` at highmasses
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TeV¡ 1 ExtraDimensions

Standard ADD model:

EW precisionmeasurementtest SM gaugē elds to distances» 1=TeV) SM ¯elds

cannot propagatein "Large" ED andare localizedon a brane

Variationon the model: \asymmetric"modelswheredi®erentED havedi®erent

compacti¯cationradii. Two typesof ED:

² \large" ED whereonlygravity propagates

² \small" (R » 1= TeV)extradimensionswhereboth gravity andSM¯eldspropagate

Thisschemecouldbe picturedasa \thick" branein sidewihciSM ¯eldspropagate,

immersedin the usual\large" ADD bulk

Variousmodels,dependingon whichSM ¯eldspropagatein the bulk:

² Onlygaugē elds: describe it today

² Both fermionandgaugē elds (UED)
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Generalsignaturefor modelswith compacti¯edED: regularly spacedKaluzaKlein

excitationsof ¯eldspropagatingin the bulk

KK massspectraandcouplingsgivenby compacti¯cationschemeandnumber of ED

In caseof one"small" ED with radiusRc ´ 1=M c:

² Excitationsequallyspacedwith masses:

M 2
n = M 2

0 + n2M 2
c

² Couplingsequalto
p

2£ gaugecouplings

Minimumexcitationmasscompatiblewith EW precisionmeasurement:4 TeV

Considerexcitationsfor all SM bosons:

² Z=°, discoverychannel:decay into `+ ` ¡

² W, discoverychannel:decay into `º

² gluon,width » 2®sM (g(n)), di±cult to observeaboveQCDbackground
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Minimumexcitationmassconsidered:4 TeV:naturalwidth

» 2£ ¡( W) £ (M c=100)GeV» 200GeV
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Naturalwidth dominatesfor e+ e¡ . Detailedknowledgeof electronresolutionnot

neededaslongas¾(E)=E better better than2-3%.

Experimentalwidth dominatesfor ¹ + ¹ ¡ ) usemuonsonlyfor discovery, not for

measurements
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Dataanalysis:Z=°
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Drell-Yan
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Analysisrequirements:

² Two leptonswith Pt > 20GeVin j´ j < 2:5

² m`` > 1 TeV

Reduciblebackgrounds:¹tt , WW, WZ, ZZ

For m(e+ e¡ ) > 1000GeV» 60 backgroundevents

Observecharacteristicdepletionw.r.t Drell-Yan due

to interferencee®ects

Resonanceincludesexcitationof both ° andZ , two resonancescannot be resolved

Evaluatenumber of eventsin peakasa functionof massof ¯rst excitation(M kk)

Require:S=
p

B > 5 and> 10eventsin peak,summedovertwo lepton°avours

Reachfor 100fb¡ 1: » 5:8 TeV

In no casesecondKK peakobservable
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Dataanalysis:W

Analysisrequirements:

² Oneleptonwith Pt > 200GeVin j´ j < 2:5

² /ET > 200GeV

² mT(`º )) > 1 TeV

WheremT =
r

2p`
Tpº

T(1 ¡ cos¢ Á)

If no newphysics500eventsfrom o®-shell

SM W (100fb¡ 1)
mT (GeV)

E
ve

nt
s/

50
 G

eV
/1

00
 fb

-1

 e n - Mc=4 TeV

SM

Top

Electrons
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Reduciblebackgroundsconsidered:¹tt; WW; ZZ

For mT(`º ) > 1 TeV» 75 backgroundevents,dominatedby WW andWZ

With moderatejet vetoat 100GeV,backgroundreducedto » 20events,but biasfor

studyof Jacobianshape

Reachfor 100fb¡ 1: » 5:8 TeV
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Evenif no eventsin peak,canobservedepletionin invariant (transverse)mass

distributiono®-peak
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Counteventswith respectively:1000< M `` < 2500GeV(Z=°)

1000< MT < 2500GeV(W)

Require:(N (M c) ¡ N (SM ))=
r

N (SM ) > 5 (two lepton°avours)

Reachfor 100fb¡ 1: » 8 TeVfor Z=°, » 9 TeVfor W

DeviationfromSM at sensitivity limit: » 15%) needsystematiccontrolon DY
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If Z (1)=°(1) observed,studydistributionof polar anglecosµ¤ for M (Z (1)) = 4 TeVand

di®erentmodels:

² AlternativeZ (1) model

² Z 0 modelwith Standard Modelcouplings

² Gravitonexchangewith G¤ ! e+ e¡

TroughKolmogorov teststudydiscriminationpower:

RejectZ 0 hypothesisat 95%CL in 52%of cases

RejectG¤ ! e+ e¡ hypothesisat 95%CL in 94%of

cases
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KK excitationsof the gluon

Requireno third jet with PT above100GeV
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Large deviationfrom SM QCD spectrum,

but
Needto understandhow well we know jet

pT spectrum:

² PDFuncertainites

² NLOcorrections

² Detector linearity at highpT .....

Alsoneedto studyif peakfroms-channelg* exchangecanbe seenabovesmooth

SM+KK background

Di±cult dueto largewidth of resonancesandcomplexmulti-resonancepattern
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Randall-Sundrummodel

2r

y=0

y coordinate

y=pr

Oneadditionaldimensionin whichgravity propagates

ED compacti¯edonS1=Z2 (circlefoldedon itself´ orbifold)

Two branesat extremalvaluesof compacti¯cation:

² Planckbrane:y=0, wheregravity localized

² Tev-branewhereSM ¯elds (us) constrained

Metric for this scenario is non-factorizable:

ds2 = e¡ 2ky´ ¹º dx¹ dxº ¡ dy2 ; (1)

y=0

y=pr

Gravity

Standard Model

y coordinate: ED

Exponentialterm: "warp factor". Parameterk of orderPlanckscalegovernscurvature

of space

Consistencyof low energytheory: k=M Pl <» 0:1 with M Pl = MPl=
p

8¼= 2:4£ 1018

beingthe reduced4-dPlanckscale.
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Write actionfor gravitational̄eld in 4-de®ectivetheory (like it wasdonefor ADD),

obtainform for 5-dimfundamentalscaleM 5

M 2
Pl =

M 3
5

k
(2)

Scaleof all physicalprocesseson the TeVbranedescribedby:

¤¼ ´ M Ple¡ kRc¼

¤¼ » 1TeVprovidedthar kR = 10.

Two parametersde¯nethemodel:

² ¤¼

² ratio k=M Pl

If require¤¼ < 10TeV(hierarchy)

closedregionin parameterspace

(m1 = 3:83 k
M Pl

¤¼)
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Randall-Sundrum:Narrow gravitonstates

Massesof KK gravitonobtainedfromBesselexpansion,replacingFourierexpansionof

°at geometry

Massmn of excitationG(n) at:

mn = xnke¡ k¼rc = xn
k

MPl
¤¼

wherexn are the roots of the ¯rst orderBesselfunction.x1 = 3:83) » TeV scale

for massof ¯rst excitation

Couplingsof G(n) to SM ¯elds» 1=¤¼ )

² sizablecross-sectionat the LHC

² Narrow resonances

Couplingdrivenby factor c = k=M Pl
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G(1) ! e+ e¡ in CMS(full simulation)

Gravitoncouplesto all SM particles

Most favourablechannelG(1) ! e+ e¡ :

² Optimalexperimentalresolution

² Minimalbackground

Studyachievablesigni¯canceasa function

of massof ¯rst excitedstate

Usec = 0:1 andc = 0:01for couplings
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Coverageof parameterspace

With oneyear at the LHC(high lumi) full coverageof parameterspace
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Spindeterminationof gravitonresonance

Gravitonis spin-2particle. Angular distributionof decay productsdependson

productionmechanism,andon spinandmassof decay products
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Process Distribution Plot

gg ! G ! f ¹f sin2 µ¤(2 ¡ ¯ 2 sin2 µ¤) a

q¹q ! G ! f ¹f 1 + cos2 µ¤ ¡ 4¯ 2 sin2 µ¤ cos2 µ¤ b

gg ! G ! ° ° ; gg 1 + 6cos2 µ¤ + cos4 µ¤ c

q¹q ! G ! ° ° ; gg 1 ¡ cos4 µ¤ a

gg ! G ! WW; ZZ 1 ¡ ¯ 2 sin2 µ¤ + 3
16¯

4 sin4 µ¤ d

q¹q ! G ! WW; ZZ 2 ¡ ¯ 2(1 + cos2 µ¤) + 3
2¯ 4 sin2 µ¤ cos2 µ¤ e

gg ! G ! H H sin4 µ¤ f

q¹q ! G ! H H sin2 µ¤ cos2 µ¤ g

¯ is v=c of decay products

Gluonfusiondominates,contributionfrom ¹qq °attensdistribution

G. Polesello,Kobe, 2004
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For m1 = 1500GeV and 100 fb¡ 1 can

distinguishfromspin1 case

Test spin hypotheseswith a likelihood

technique
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BlackHoles

Geometricalsemi-classicalreasoning:

Possibility of blackholeformationwhentwo collidingpartonshaveimpactparameter

smallerthan the radiusof a blackhole

Considertwo collidingpartonswith CMSenergy
p

ŝ = MBH

Dimensionalanalysis:partonicX-sectionfor formation

of blackholeof massM BH is

¾(ŝ = M 2
BH ) » ¼R2

s

b<Rs

q

q

WhereRS is Schwarzchildradiusof blackhole

RS »
1

p
¼MP

2

6
4
MBH

MP

3

7
5

1
n+1

In extra-dimensiontheoriesM P » Tev) , for M BH » MP , ¾» (TeV)¡ 2 » 400pb

Potentiallylargeproductioncross-section

Theoreticaldebateon geometricalformationfactors. Possiblebig suppression

G. Polesello,Kobe, 2004



BlackHoleproduction

Convolvethe parton-levelcross-sectionwith parton distributionfunctions

For n > 2 dimensionslittle dependenceon n becauseof assumedform of formation

factor in CHARYBDISgenerator (Cambridgegroup)

At highluminosity, > 1 blackholeper secondwith M BH > 5 TeV

G. Polesello,Kobe, 2004



BlackHoledecay

Decay throughHawkingradiation

Detailsof decay extremelymodel-dependent.

Simplifyingassumptions:all partonicenergygoesinto BH formation,all Hawking

radiationthroughSM Particleson the brane

Thermalradiation:blackbody energyspectrum

dN
dE

/
° E 2

(eE=TH § 1)
Tn+6

H
(3)

§ appliesto fermionsandbosons,TH is the Hawkingtemperature

TH =
n + 1
4¼r S

/ M ¡ 1
n+1

BH
(4)

° is a (4 + n)-dimensionalgrey-body factor: absorption factor frompropagationin

curvedspace

G. Polesello,Kobe, 2004



ATLAS Atlantis Event: BlackHole_000001_000001.xml
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Eventcharacteristicsof BH decays

² Fromintegrating°ux: largemultiplicitiesof particlesin ¯nal state

² Hawkingdecay isotropic:sphericalevents(more sphericalthanSUSY)

² Highmass:High P pT of ¯nal stateparticles
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No signi¯cantSM background!
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Democraticdecay of BH into all typesof SM particles

Largenumber of eventscontaininga high-PT neutrino

/ET distributionevenin excessof SUSY

Particle type Particle emissivity (%)

Quarks 61.8

Gluons 12.2

Chargedleptons 10.3

Neutrinos 5.2

Photon 1.5

Z0 2.6

W+ andW¡ 5.3

Higgsboson 1.1
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(PT > 600 GeV)

(SUGRA point 5)

Alsolargeproductionof gaugebosonsandhiggses,BH decay evenbe privileged

productionmodefor higgsboson
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Blackholemassmeasurement

Simplysumthe 4-momentumof all reconstructedparticlesin the event

Testprocedureon two BH massrangesaround5 and8 TeVfor n between2 and6

Requireat least4 jetswith respectivelyPT > 500; 400; 300GeV

To improvemassreconstruction,rejecteventswith /ET > 100GeV

E±ciencybetween15 and30%dependingon massandn
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Achievemassresolutionof 3-5%

mBH correlatedto TH , but largetheoreticaluncertainties

Usefulbenchmark processfor studyof highmultiplicitiesandenergiesin the detector

Vigorousfull simultione®ort ongoingin ATLASto verifytheseresults
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Conclusions

ExtraDimensiontheorieso®eranattractiveway of solvingthe hierarchyproblem

basedonthe space-timegeometryof space

Thepresenceof ¯eldspropagatingin the extra-dimensionsproducesKaluzaKlein

towersof particles

Themassscaleof the lowest lyingof the KK towersis typicallyapproximatelyin th

rangeof LHC

Thedetailsof the KK ¯eldsdependon the speci¯c model implementation.For the

mainmodelsavailable,detailedstudiesperformedto test the LHCpotential

In generalthe LHCwill be sensitiveto the nexphenomenologiesarisingfromED

theoriesfor scalesup to a fewTeV

G. Polesello,Kobe, 2004


