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Search for Dark Matter

Strong evidences for the existence of dark matter, i.e. :

Galactic rotation curves 

Bullet cluster

Strong Gravitational Lensing



1. Direct Detection Experiments 
- Dark Matter-nucleus scattering. 
- Low mass DM particles not probed yet. 
- Less sensitive to spin-dependent coupling. 
- XENON-100, CDMS, CoGeNT 
2. Indirect Detection Experiments 
- Observe annihilation products. 
- Low mass DM particles not accessible. 
- Depends on DM density and annihilation model. 
- Super-Kamiokande, IceCube 
3. Collider Experiments 
- Laboratory production of DM particles. 
- Sensitive to huge mass range. 
- Both spin-dependent and spin-independent couplings. 
- Tevatron, LHC 
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Search for Dark Matter

Needs independent verifications from various astrophysical and 
non-astrophysical experiments.
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Search for Dark Matter at the Collider

Signal Characteristics
- Missing transverse energy (MET) results from the Dark Matter production.

  Vector sum of all reconstructed particles (Particle Flow method)
- Photons or jets can be radiated from quarks.
- Trigger on a single photon or a single jet with the large missing transverse 
  energy.

PRODUCTION OF DARK MATTER AT CMS

• Search%for%evidence%of%pair[produc=on%of%Dark%MaAer%par=cles%(χ)

• Dark%MaAer%produc=on%gives%missing%transverse%energy%(MET)

• Photons%(or%jets%from%a%gluon)%can%be%radiated%from%quarks,%giving%monophoton%
(or%monojet)%plus%MET
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Figure 1: Dark matter production in association with a single jet in a hadron collider.

3.1. Comparing Various Mono-Jet Analyses

Dark matter pair production through a diagram like figure 1 is one of the leading channels
for dark matter searches at hadron colliders [3, 4]. The signal would manifest itself as an excess
of jets plus missing energy (j + /ET ) events over the Standard Model background, which consists
mainly of (Z � ⇥⇥)+ j and (W � ⌅inv⇥)+ j final states. In the latter case the charged lepton ⌅ is
lost, as indicated by the superscript “inv”. Experimental studies of j + /ET final states have been
performed by CDF [22], CMS [23] and ATLAS [24, 25], mostly in the context of Extra Dimensions.

Our analysis will, for the most part, be based on the ATLAS search [25] which looked for mono-
jets in 1 fb�1 of data, although we will also compare to the earlier CMS analysis [23], which used
36 pb�1 of integrated luminosity. The ATLAS search contains three separate analyses based on
successively harder pT cuts, the major selection criteria from each analysis that we apply in our
analysis are given below.3

LowPT Selection requires /ET > 120 GeV, one jet with pT (j1) > 120 GeV, |�(j1)| < 2, and events
are vetoed if they contain a second jet with pT (j2) > 30 GeV and |�(j2)| < 4.5.

HighPT Selection requires /ET > 220 GeV, one jet with pT (j1) > 250 GeV, |�(j1)| < 2, and events
are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV or
�⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

veryHighPT Selection requires /ET > 300 GeV, one jet with pT (j1) > 350 GeV, |�(j1)| < 2, and
events are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV
or �⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

In all cases events are vetoed if they contain any hard leptons, defined for electrons as |�(e)| < 2.47
and pT (e) > 20 GeV and for muons as |�(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|�(j1)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is �⇤(j1, j2) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.
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Direct Detection (t-channel) Collider Searches (s-channel)

Monophoton + MET Monojet + METMonophoton + MET Monojet + MET



5Norraphat SRIMANOBHAS  |  DARK2012: Dark Forces at Accelerators

Search for Dark Matter at the Collider
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PHENOMENOLOGY

• Pair[produc=on%of%χ%can%be%characterised%by%a%contact%interac=on%with%operators%%

• Cross%sec=on%depends%on%the%mass%(mχ)%and%the%scale%Λ%(for%couplings%gχ, gq)

5

[Bai,%Fox%and%Harnik,%JHEP%1012:048%(2010)]

[Goodman,%Ibe,%Rajaraman,%Shepherd,%Tait,%
Yu,%Phys.Rev.D82:116010%(2010)]

[Beltran,%Hooper,%Kolb,%Krusberg,%Tait,%JHEP%
1009:037%(2010)]

axial=vector%%==>%%spin=dependent%(SD)

vector%%==>%%spin%independent%(SI)%

spin=independent%
and%spin=dependent%
cross%secDons

Cross section depends on the
mass of DM, and the scale K,

where
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Assumtions:
- DM particle is only new state accessible to 
the collider.
- Mediator is heavy, and can be integrated out.

- Contact interaction.

For vector mediator (Spin-Independent): 

For axial- vector mediator (Spin-Dependent): 
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Signal Generator:
Madgraph4 + Pythia6.
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Compact Muon Solenoid (CMS) Detector 

 

 
 
Fig. 1: Schematic view of the CMS Detector showing its main components. 
 
The 66 million silicon pixels and 9.3 million silicon strips, forming the tracker, are used to determine 
the trajectories of charged particles. The multilayer silicon detectors provide accurate tracking of 
charged particles with excellent efficiency, especially important for the high-pileup conditions at the 
LHC. The magnetic field curves the trajectories of charged particles, allowing the measurement of 
their momenta. The track-finding efficiency is more than 99% and the uncertainty in the 
measurement of transverse momentum, pT, (projection of the momentum vector onto the plane 
perpendicular to the beam axis) is between 1.5% and 3% for charged tracks of pT ~100 GeV. By 
extrapolating tracks back towards their origins the precise proton-proton interaction points, or 
collision vertices, can be determined. Decay vertices of long-lived particles containing heavy-quark 
flavors, such as B-mesons, can similarly be identified and reconstructed. Such “b-tagging” is 
particularly useful in searches for previously unobserved particles, such as the Higgs boson. 
 
The electromagnetic calorimeter (ECAL) absorbs photons and electrons. These produce showers 
of particles in the dense crystal material, which yield scintillation light detected by photo-detectors 
glued to the rear faces of the 75,848 crystals. The amount of light detected is proportional to the 
energy of the incoming electron or photon, allowing their energies to be determined with a 
precision of about 1% in the region of interest for the analyses reported here. Since electrons are 
charged particles they can be discriminated from photons by matching the ECAL signal with a track 
reconstructed in the tracker.  
 
Hadrons can also initiate showers in the ECAL, but they generally penetrate further into the 
detector, reaching the hadron calorimeter (HCAL) surrounding the ECAL. The measurements of 
particle energies in the HCAL are not as precise as those of the ECAL but are well adapted to the 
needs of the CMS physics program. 
 
The solenoid is surrounded by a large detector system that identifies and measures momenta of 
muons. It comprises three different types of gas-ionization detectors that enable muon momenta to 

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

PRESHOWER
Silicon strips ~16m2 ~137,000 channels

SILICON T"CKERS
Pixel (100x150 μm) ~16m2 ~66M channels
Microstrips (80x180 μm) ~200m2 ~9.6M channels

MUON CHAMBERS
Barrel: 250 Dri$ Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz %bres ~2,000 Channels

STEEL RETURN YOKE
12,500 tonnes

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CRYSTAL 
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO4 crystals

Total weight
Overall diameter
Overall length
Magnetic %eld

: 14,000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

CMS DETECTOR
Schematic view of the 

CMS Detector showing 
its main components.
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Triggers used for Dark Matter search at CMS

PRODUCTION OF DARK MATTER AT CMS

• Search%for%evidence%of%pair[produc=on%of%Dark%MaAer%par=cles%(χ)

• Dark%MaAer%produc=on%gives%missing%transverse%energy%(MET)

• Photons%(or%jets%from%a%gluon)%can%be%radiated%from%quarks,%giving%monophoton%
(or%monojet)%plus%MET
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Figure 1: Dark matter production in association with a single jet in a hadron collider.

3.1. Comparing Various Mono-Jet Analyses

Dark matter pair production through a diagram like figure 1 is one of the leading channels
for dark matter searches at hadron colliders [3, 4]. The signal would manifest itself as an excess
of jets plus missing energy (j + /ET ) events over the Standard Model background, which consists
mainly of (Z � ⇥⇥)+ j and (W � ⌅inv⇥)+ j final states. In the latter case the charged lepton ⌅ is
lost, as indicated by the superscript “inv”. Experimental studies of j + /ET final states have been
performed by CDF [22], CMS [23] and ATLAS [24, 25], mostly in the context of Extra Dimensions.

Our analysis will, for the most part, be based on the ATLAS search [25] which looked for mono-
jets in 1 fb�1 of data, although we will also compare to the earlier CMS analysis [23], which used
36 pb�1 of integrated luminosity. The ATLAS search contains three separate analyses based on
successively harder pT cuts, the major selection criteria from each analysis that we apply in our
analysis are given below.3

LowPT Selection requires /ET > 120 GeV, one jet with pT (j1) > 120 GeV, |�(j1)| < 2, and events
are vetoed if they contain a second jet with pT (j2) > 30 GeV and |�(j2)| < 4.5.

HighPT Selection requires /ET > 220 GeV, one jet with pT (j1) > 250 GeV, |�(j1)| < 2, and events
are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV or
�⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

veryHighPT Selection requires /ET > 300 GeV, one jet with pT (j1) > 350 GeV, |�(j1)| < 2, and
events are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV
or �⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

In all cases events are vetoed if they contain any hard leptons, defined for electrons as |�(e)| < 2.47
and pT (e) > 20 GeV and for muons as |�(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|�(j1)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is �⇤(j1, j2) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.
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Monophoton + MET

- Unprescaled single-photon triggers.
- Fully efficient with |hphoton| < 1.442 and 
  PTphoton > 145 GeV/c.
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In all cases events are vetoed if they contain any hard leptons, defined for electrons as |�(e)| < 2.47
and pT (e) > 20 GeV and for muons as |�(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|�(j1)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is �⇤(j1, j2) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.

Direct Detection (t-channel) Collider Searches (s-channel)

Monophoton + MET Monojet + MET

Monojet + MET

- Unprescaled jet+MET triggers.
- Fully efficient with |hjet| < 2.4 and 
  PTjet > 110 GeV/c.
- Fully efficient with MET > 200 GeV.
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Production in Hadronic Top Data at the LHC, 1205.5816
How low can SUSY go? Matching, monojets and compressed spectra, 1207.1613

Higgs
Direct detection of Higgs-portal dark matter at the LHC, 1205.3169
Reconstructing Higgs boson properties from the LHC and Tevatron data, 1203.4254

Other
Searches for New Physics: Les Houches Recommendations for the Presentation of LHC Results, S. Kraml et al, 1203.2489 
Supersymmetry production cross sections in pp collisions at sqrt(s) = 7 TeV, 1206.2892
Monotops at the LHC, 1106.619
Supersymmetric Monojets at the Large Hadron Collider, 1010.4261
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Monojet

Dark 
matter

Light stop

Compressed 
SUSY spectra

Invisible 
Higgs

Extra 
dimensions

Unparticles

Z invisible 
width

Wide range of different models predicting monojet signature 

Discovery possibilities with Monojets 
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Search for Dark Matter in Monojet events
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b)

- Event Cleaning using cuts based on jet constituents.
- Large missing transverse energy, MET > 350 GeV.
- One energetic jet, pT > 110 GeV/c, |h| < 2.4.
- Allow one additional jet (if it has pT>30 GeV/c).

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059


10Norraphat SRIMANOBHAS  |  DARK2012: Dark Forces at Accelerators

Search for Dark Matter in Monojet events

Jet Multiplicity
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- Reject event if it has more than 2 jets (pT>30 GeV/c).
- Reject event if Dz(jet1,jet2)>2.5, QCD rejection.
- Reject event if it has an isolated electrons, an isolated 
  muons, or isolated tracks with pT>10 GeV/c.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
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Background of DM Monojet events

MonoJet Search 
Cut and count: Apply event selection and count the number of events in signal region 
•  Look for excess of events above those expected from SM backgrounds 
•  Understanding backgrounds is crucial. 
•    Determine from data control regions  

Signal 

Z(νν) + Jets, just like signal  
W+jets, e/u is not detected, 
 τ decays hadronically 
  

QCD, jet is mismeasued, 
producing Met  

Backgrounds  
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producing Met  

Backgrounds  
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Z(νν)+jets, just like signal.
(Data-Driven) 

W+jets, e or μ is not identified (Data-Driven), 
or x decays hadronically (MC).

QCD, jet is mismeasured, producing MET (MC).



12Norraphat SRIMANOBHAS  |  DARK2012: Dark Forces at Accelerators

Background of DM Monojet events
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Data-driven estimation: Z→νν •  Control sample Z→μμ.
•  Select 2 opposite sign muons
   same as signal.
•  Well isolated muons pT>20 GeV/c, 

   |h| < 2.1.
•  Invariant mass between 60-120 GeV/c2.
•  Uncertainty ~11% mainly from stats 10%.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

12 5 Data driven background estimation

Table 5: Event yields for the W(µn) data control samples and the backgrounds from MC.
W+jets Z+jets Z(nn) tt̄ Single t QCD All MC Data

Emiss
T > 200 7652.0 237.1 0.0 310.8 56.3 0.0 8256 8666

Emiss
T > 250 2948.7 63.8 0.0 120.6 22.3 0.0 3155 3012

Emiss
T > 300 1222.4 20.3 0.0 48.8 9.9 0.0 1301 1179

Emiss
T > 350 543.8 6.0 0.0 21.8 3.9 0.0 576 531

Emiss
T > 400 253.8 1.3 0.0 11.9 1.8 0.0 269 261

5.1 Estimation of Z(nn) background222

The Z(µµ) and Z(nn) events share similar kinematic characteristics and by interpreting the
pair of muons as missing energy, the topology of the process in which the Z boson decays to
neutrinos can be reproduced. The missing transverse energy in the Z(µµ) event is redefined as
the vector sum of the transverse momentum of the muons and the Emiss

T . The number of Z(nn)
events can then be predicted using:

N(Z ! nn) =
Nobs � Nbgd

A ⇤ e
· R(

Z ! nn

Z ! ll
) (8)

where Nobs is the number of observed dimuon events, Nbgd is the number of estimated back-223

ground events contributing to the dimuon sample, A is the fiducial and kinematic acceptance224

of the detector and the efficiency of the Z mass window cut, e is the selection efficiency of the225

muon and R is the ratio of branching fractions for the Z decay to neutrinos and a pair of muons.226

These factors are determined as follows:227

• Nbgd : The dimuon sample comprises predominantly of Z(µµ) events with less than228

1% contamination from background. The backgrounds are estimated from Monte229

Carlo and a 100% uncertainty is assigned to the number.230

• A : The acceptance A is defined as the fraction of all generated events where the231

muons are reconstructed with pT > 20 and |h| < 2.1 and the invariant mass of232

the muons is within 60 GeV and 120 GeV. This is obtained from Z+jets MC using233

generator level information.234

• e : The muon selection efficiency e is defined as the efficiency of selecting a muon235

passing all the identification and isolation criteria, given that it is within the detector236

acceptance. This efficiency has been studied using the Tag and Probe method by237

other groups for both data and MC and the data-MC scale factor is found to be238

very close to 1.0. We therefore estimate the selection efficiency using Z+jets MC and239

assign a systematic of 2% to cover the variation of the data-MC scale factor from 1.0,240

measured in [33].241

• R : The ratio of the branching fraction R is obtained from [31] and is 5.942 ± 0.019242

when l = µ.243

Table 6 shows the observed Z(µµ) event yields and the correction factors for the baseline se-244

lection with Emiss
T > 200 and the search selections with higher Emiss

T cuts. Also shown is the245

predicted Z(nn) background before the TIV cut is applied. Since the control sample for this246

background estimation is obtained by relaxing the track isolation veto, we estimate the TIV247

efficiency from MC for all the Emiss
T regions and apply this efficiency to obtain the final Z(nn)248

prediction.249

A summary of the relative size of the contributing uncertainties to the Z! nn estimation is250

shown in Table 7. The dominant systematic in all the Emiss
T regions is the size of the Z! µµ251

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
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Background of DM Monojet events

Data-driven estimation: W+jets 
where lepton is lost

•  Control sample W→μν.
•  Select single muon same as signal.
•  Well isolated muon pT >20 GeV/c, 
   |h| < 2.1.
•  Transverse mass between 50-100 GeV/c2.
•  Uncertainty ~11% mainly from acceptance 
   (8%), and selection efficiency (7%)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

5.2 Estimation of W+jets background 13

Table 6: Summary of the Z(µµ) event yields and the efficiency factors used to predict the Z(nn)
background.

Emiss
T > 200 Emiss

T > 250 Emiss
T > 300 Emiss

T > 350 Emiss
T > 400

Nobs 1537 593 235 111 56
Nbgd 16.4 5.9 2.1 0.2 0.2
Acceptance A 0.590 0.649 0.685 0.694 0.734
Efficiency e 0.981 0.987 0.993 0.991 0.983
R 5.942 5.942 5.942 5.942 5.942
N(Z! nn) 15617.8 5444.2 2034.5 956.6 459.6
N(Z! nn (after TIV)) 14663.5 5105.7 1908.1 900.3 433.3

Table 7: Summary of the contributions to the total uncertainty on Z! nn background from the
various factors used in the data-driven estimation.

Source of Uncertainty Emiss
T > 200 Emiss

T > 250 Emiss
T > 300 Emiss

T > 350 Emiss
T > 400

Statistics (Nobs) 2.6% 4.1% 6.6% 9.5% 13.4%
Background (Nbgd) 1.1% 1.0% 0.9% 0.2% 0.4%
Acceptance (A) 2.2% 2.5% 2.9% 3.7% 4.6%
Selection efficiency (e) 2.1% 2.0% 2.0% 2.1% 2.3%
Ratio (R) 0.3% 0.3% 0.3% 0.3% 0.3%
Total 4.1% 5.3% 7.5% 10.4% 14.4%

control sample.252

Figure 10 shows the invariant mass and transverse momentum distribution of the dimuon pair253

of the control sample compared to MC.254

5.2 Estimation of W+jets background255

The second most dominant background arises from W+jet events that are not removed by the256

explicit lepton veto cut. These can come from hadronically decaying taus or events in which257

the lepton (electron or muon) is not identified, not isolated or not within the acceptance region.258

The latter of these events where the lepton is ‘lost’ are estimated by using the W(µn)+jets259

control sample. The data sample is first corrected for the acceptance (A0) and efficiency of260

reconstructing the events (e0) in the detector to obtain the total number of generated events261

(Ntot). This is subsequently weighted by the inefficiency factors to obtain the predicted number262

of events that would not be rejected by the lepton veto and thus remain in the monojet sample.263

The number of W(µn)+jet events that are out of the acceptance(N!A) and not identified/isolated264

(N!e) can be written as:265

N!A = Ntot ⇤ (1 � A) (9)
N!e = Ntot ⇤ A ⇤ (1 � e) (10)

(11)

where Ntot = (Nobs � Nbgd)/(A0 ⇤ e0), A is the acceptance and e is the selection efficiency of the
muon selection used in the lepton veto definition. The total background from events where the
muon is ‘lost’ is then given by,

Nlostµ = N!A + N!e. (12)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
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Search for Dark Matter in Monojet events

The Standard Model background prediction compared with data 
passing selection cuts for various MET thresholds in number of 
events corresponding to integrated luminosity of 5 fb-1.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

~74%, Data-Driven
~25%, Data-Driven

~1%
MC0

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
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Search for Dark Matter in Monojet events

MET = 598.3 GeV
PTJet = 574.2 GeV/c

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11059
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Search for Dark Matter in Monophoton events

Selection:
- High energy photon, pT > 145 GeV/c.
- Central region of detector, |η| < 1.442.
- Shower shape in calorimeter consistent 
  with photon.
- Large missing transverse energy, 
  MET > 130 GeV.

Remove events with excessive nearby activity:
- Veto events with nearby tracks or pixel stubs
- Veto events with significant electromagnetic 
  calorimeter activity (∆R < 0.4) 
- Veto events with significant hadronic activity 
  (∆R < 0.4, EHCAL/EECAL< 0.05) 
- No central jet: veto events with 
  pT(jet) > 40 GeV/c and |ηjet|< 3.0

 [GeV]
T
γp

200 300 400 500 600 700

Ev
en

ts
 /G

eV

-410

-310

-210

-110

1

10

 [GeV]
T
γp

200 300 400 500 600 700

Ev
en

ts
 /G

eV

-410

-310

-210

-110

1

10
  = 7 TeVsCMS, 

-1 5.0 fb
DATA 
Total uncertainty on Bkg

γνν →γ Z
ν e→W

 (QCD)γMisID-
γ+jets, Wγ

Beam Halo
=1 TeV, n=3) 

D
SM+ADD(M

 [GeV]TE
200 300 400 500 600 700

Ev
en

ts
 /G

eV

-410

-310

-210

-110

1

10

 [GeV]TE
200 300 400 500 600 700

Ev
en

ts
 /G

eV

-410

-310

-210

-110

1

10
  = 7 TeVsCMS, 

-1 5.0 fb
DATA 
Total uncertainty on Bkg

γνν →γ Z
ν e→W

 (QCD)γMisID-
γ+jets, Wγ

Beam Halo
=1 TeV, n=3) 

D
SM+ADD(M

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
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Background of DM Monophoton events

Backgrounds from pp collisions
- pp ➝ Z γ ➝ νν γ
- pp ➝ W ➝ eν
- pp ➝ jets ➝ “γ” + MET 
                                         
- pp ➝ γ + jet                      
- pp➝Wγ➝lνγ                    
- pp ➝ γ γ                           

Backgrounds unrelated to pp collisions
- Showers induced by cosmics
  Identified and removed (Data-Driven)      
- Neutron-induced signals
  Identified and removed (Data-Driven)  
- Beam halo
  Mostly removed, A residual contribution
  estimated (Data-Driven)

Irreducible background (MC)
Electron mis-identified as photon (Data-Driven)
One jet mimics photon, MET from jet 
mismeasurement (Data-Driven)
MET from jet mis-measurement (MC)
Charged lepton escapes detection (MC)
One photon mis-measured to give MET (MC)

 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsEXO11096

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
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Search for Dark Matter in Monophoton events

MET = 407 GeV
PTphoton = 384 GeV/c

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
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Limits
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a) Spin Independent

The 90% CL upper limits on the dark matter-nucleon scattering cross 
section versus dark matter mass for the spin-independent models.

Unexplored region of DM mass  < 3.5 GeV.
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Limits
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b) Spin Dependent

The 90% CL upper limits on the dark matter-nucleon scattering cross 
section versus dark matter mass for the spin-dependent models.

Stringent constrains over 1-200 GeV mass range.
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Summary

- Presented the results from searches for dark matter from monojet+MET and 
monophoton+MET channels at CMS using 5.0 fb-1 of 2011 LHC Data (7TeV).

- Predictions for Standard Model background consistent with observed data.

- Limits were set on DM-Nucleon scattering cross-section, to compare with 
direct and indirect detection measurements.

- Looking forward for 2012 Data.
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