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OutlineOutline
• Large extra dimensions (ADD)Large extra dimensions (ADD)
• The unparticle modelThe unparticle model
• Signature: the mono-jet+MET final stateSignature: the mono-jet+MET final state
• The analysis tool: CMSThe analysis tool: CMS
• Signal & background analysisSignal & background analysis
• CMS discovery/exclusion potential at 10 TeVCMS discovery/exclusion potential at 10 TeV
• CMS discovery/exclusion potential at 7 TeVCMS discovery/exclusion potential at 7 TeV
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Large extra dimensions (ADD)Large extra dimensions (ADD)
• N. Arkani-Hamed, S. Dimopoulos, and G. R. Dvali: N. Arkani-Hamed, S. Dimopoulos, and G. R. Dvali: 

PPhys. Lett. B429 (1998) 263, arXiv:hep-ph/9803315hys. Lett. B429 (1998) 263, arXiv:hep-ph/9803315
• δδ compact extra dimensions,  compact extra dimensions, compactified on a compactified on a 

torus with radius torus with radius RR
MMDD: quantum gravity scale in : quantum gravity scale in δ+4δ+4 dimensions (possibly ~ TeV) dimensions (possibly ~ TeV)

• gravity tests: gravity tests: R R ≤ ~0,1 mm => ≤ ~0,1 mm => δδ ≥ 2 ≥ 2

MP
2~Rδ MD

δ2
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Large extra dimensions (ADD)Large extra dimensions (ADD)
• SM localized on a 4D braneSM localized on a 4D brane
• Gravity propagates in all dimensionsGravity propagates in all dimensions
• Graviton is massless but is observed in 4D as a Graviton is massless but is observed in 4D as a 

tower of KK modes with masses:tower of KK modes with masses:

• For limited For limited δδ    (2 to 6 extra dimensions) (2 to 6 extra dimensions) RR is large (up  is large (up 
to µm scale): spacing between KK masses is of eV to µm scale): spacing between KK masses is of eV 
order, continuous spectrumorder, continuous spectrum

• Model parameters: Model parameters: MMDD, δ, δ

mKK= j /R ; j=0,1 ,2 ,...
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Large extra dimensions (ADD)Large extra dimensions (ADD)
• Spin-2 KK excitations in 4DSpin-2 KK excitations in 4D
• Couple to SM matter with gravitational strengthCouple to SM matter with gravitational strength
• Gravity is weak in 4D due to “dilution”Gravity is weak in 4D due to “dilution”
• Signature: missing energy (KK gravitons escape into Signature: missing energy (KK gravitons escape into 

the bulk)the bulk)
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Large extra dimensions (ADD)Large extra dimensions (ADD)
• Current limits: V. Krutelyov, arXiv:0807.0645v1 (2008)Current limits: V. Krutelyov, arXiv:0807.0645v1 (2008)
•
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UnparticlesUnparticles
• H. Georgi: Phys. Rev. Lett. 98 (2007) 221601H. Georgi: Phys. Rev. Lett. 98 (2007) 221601
• Existence of a new sector of scale-invariant particlesExistence of a new sector of scale-invariant particles
• Coupled to SM through a high-mass connector Coupled to SM through a high-mass connector 

sector > weak interaction with SM particlessector > weak interaction with SM particles
• Phenomenologically similar to ADD modelPhenomenologically similar to ADD model
• Model parameters:Model parameters:

– SS: unparticle spin: unparticle spin

– ddUU: scale dimension parameter: scale dimension parameter

– ΛΛUU: renormalization scale: renormalization scale

– λλ: coupling constant: coupling constant

mailto:Terascale@Brussels


Thomas Maes, GDR Thomas Maes, GDR Terascale@BrusselsTerascale@Brussels, 3, 3rdrd November 2010 November 2010 8

G/UG/U identification identification
• ADD, unparticle emission processes share ADD, unparticle emission processes share 

phenomenologyphenomenology
• Common effective MC implementation (PYTHIA8)Common effective MC implementation (PYTHIA8)
• Parameter identification:Parameter identification:

dU=
δ
2
1

ΛU=M D
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G/UG/U production at colliders production at colliders
• Three production channels:Three production channels:

• Cross section scales with Cross section scales with MMDD//ΛΛUU::

•

• Generators: SHERPA (Generators: SHERPA (GG), PYTHIA8 (), PYTHIA8 (G/UG/U))
  

σ≈
1

M D
2

 s
M D


δ
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The mono-jet final stateThe mono-jet final state
• Signature:Signature:

• 1 high-1 high-ppTT  jet (> 200 GeV) in the central regionjet (> 200 GeV) in the central region

• large missing transverse energy (same order) large missing transverse energy (same order) 
recoiling back-to-backrecoiling back-to-back

jetjet G/UG/U (MET) (MET)
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The mono-jet final stateThe mono-jet final state

15,54cm
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The mono-jet final stateThe mono-jet final state
• MET distribution at generator level, MET distribution at generator level, 14 TeV running:14 TeV running:

ADD and unparticle can be distinguished by cross-ADD and unparticle can be distinguished by cross-
section and slopesection and slope

S. Ask, L. Benucci et al.: S. Ask, L. Benucci et al.: arXiv:hep-ph/0912.4233v2arXiv:hep-ph/0912.4233v2

mailto:Terascale@Brussels


Thomas Maes, GDR Thomas Maes, GDR Terascale@BrusselsTerascale@Brussels, 3, 3rdrd November 2010 November 2010 13

BackgroundsBackgrounds
• ttŧ ŧ → → WbWb WbWb → → bbqq’lνbbqq’lν

jetjet G/U (MET)G/U (MET)

tt

bb

ŧŧ

bb

WW WW
qq

q’q’

ll

ν (MET)ν (MET)

jetjet
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BackgroundsBackgrounds
• Z Z → → νννν + jets + jets

jetjet G/U (MET)G/U (MET)

jetsjets ZZ

νν

νν
(MET)(MET)
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BackgroundsBackgrounds
• QCDQCD

jetjet G/U (MET)G/U (MET)

jetjet

jetjet

jetjet

ν (MET)ν (MET)

mailto:Terascale@Brussels


Thomas Maes, GDR Thomas Maes, GDR Terascale@BrusselsTerascale@Brussels, 3, 3rdrd November 2010 November 2010 16

BackgroundsBackgrounds
• W W → l→ lνν + jets + jets

jetjet G/U (MET)G/U (MET)

jetsjets

ll

ν (MET)ν (MET)

WW
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Signal & background analysisSignal & background analysis

ADD signal selection optimized for:ADD signal selection optimized for:
– LHC running at 14 TeV: CMS PAS EXO-08-011LHC running at 14 TeV: CMS PAS EXO-08-011
– LHC running at 10 TeV: CMS PAS EXO-09-013LHC running at 10 TeV: CMS PAS EXO-09-013
– LHC running at 7 TeV: rescaled from 10 TeV LHC running at 7 TeV: rescaled from 10 TeV 

resultsresults
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Signal & background analysisSignal & background analysis

Specific discriminating variables:Specific discriminating variables:
MHT variable (vectorial sum of jet MHT variable (vectorial sum of jet ppTT))

TIV: track isolation vetoTIV: track isolation veto

(sum over all tracks with (sum over all tracks with ppTT > 1 GeV in a hollow cone  > 1 GeV in a hollow cone 

0,02 < 0,02 < ΔR ΔR  < 0,3 around each track with  < 0,3 around each track with ppTT > 10 GeV) > 10 GeV)

=> reject tracks with TIV < 0,1=> reject tracks with TIV < 0,1

MHT=∣ ∑
pT jet i pT

0

pT  jet i∣

TIV=
1

pT tk1
∑

R∈ΔR
pT

j
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Signal & background analysisSignal & background analysis
• Cut optimization performed for LHC at 10 TeV:Cut optimization performed for LHC at 10 TeV:

– Use of a jet high-level trigger (jet Use of a jet high-level trigger (jet ppTT   > 110 GeV) > 110 GeV)

– MHT > 250 GeV: select signalMHT > 250 GeV: select signal
– JEMF > 0,1: suppress instrumental backgroundJEMF > 0,1: suppress instrumental background
– JEMF < 0,9: suppress high-energy JEMF < 0,9: suppress high-energy e, γe, γ
– TIV > 0,1: suppress TIV > 0,1: suppress WW+jets, +jets, ttŧŧ
– Leading jet Leading jet pTpT > 200 GeV, | > 200 GeV, |ηη|<1,7|<1,7
– # jets < 3: suppress multijet events# jets < 3: suppress multijet events
– ΔφΔφ(jet 1,MHT) > 2,8, (jet 1,MHT) > 2,8, ΔφΔφ(jet 2,MHT) > 0,5: (jet 2,MHT) > 0,5: 

select back-to-back emissionsselect back-to-back emissions
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Signal & background analysisSignal & background analysis

normalized to 200 pbnormalized to 200 pb-1-1
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Signal & background analysisSignal & background analysis

BEFOREBEFORE AFTERAFTER
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Systematic effectsSystematic effects
•No mass peak expected, systematics important:No mass peak expected, systematics important:

• Renormalization/factorization scale: +7,5%/-6,7%Renormalization/factorization scale: +7,5%/-6,7%
• PDF uncertainties: +11,5%/-9,5%PDF uncertainties: +11,5%/-9,5%
• Jet energy resolution/direction/JES: Jet energy resolution/direction/JES: ±±10%-16%10%-16%
• Luminosity uncertainty: Luminosity uncertainty: ±±10%10%
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Data-driven background Data-driven background 
estimationestimation

•Main remaining backgrounds: Main remaining backgrounds: ZZ((νννν)+jets, )+jets, WW((lνlν)+jets)+jets
•Estimated using Estimated using WW((μνμν)+jets control region:)+jets control region:

• Same as signal region, but require Same as signal region, but require one hard, isolated muonone hard, isolated muon
•ZZ((νννν)+jets rescaled from )+jets rescaled from WW+jets sample:+jets sample:
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Discovery/exclusion potentialDiscovery/exclusion potential
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7 TeV reach7 TeV reach

7 TeV reach was rescaled from 10 TeV results using 7 TeV reach was rescaled from 10 TeV results using 
parton luminosity ratio: parton luminosity ratio: 
7 TeV running requires ~3 times as much integrated 7 TeV running requires ~3 times as much integrated 
luminosity to reach the 10 TeV limitsluminosity to reach the 10 TeV limits

CMS NOTE 2010/008CMS NOTE 2010/008
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7 TeV reach7 TeV reach

CMS NOTE 2010/008CMS NOTE 2010/008
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Any questions?Any questions?
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