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Data just keeps pouring 
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¨  Thanks to the LHC ! 
¤ Doubled the 8 TeV 

dataset. 
¤ 50% more luminosity 

in total by now. 

¨  Looking forward to the 
rest of the year. 

110th 
LHCC 

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



Data-taking 
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¨  New online procedures 
reduced inefficiencies: 
¤  from 7.7% (April-June). 
¤  To 4.9 % (July-Aug). 

¨  Solenoid fast discharge: 
¤ ~0.5/fb recorded without 

magnetic field. 
¤  B=0 collision data used for 

alignment and calibration. 

110th 
LHCC 

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



Detector channel count 
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¨  Largest change: 
¤ Recovery of 75 ECAL 

endcap channels. 
97.5% 



ECAL response monitoring 
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¨  Reaping the benefits: 
¤ Automated 48-hour calibration loop. 
¤ New solid state monitoring laser. 

¨  No surprises with >7e33. 
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110th 
LHCC 

LHC: now serving up to 7.5e33 cm-2s-1 
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¨  Record-breaking fill: 
¤  L1 rate steady near 

100 kHz limit. 
¤  5% dead-time initially but 

drops very quickly. 

¨  8e33 trigger menu ready. 
¤  Requires some cutting into 

the physics. 
¨  Data parking in place. 

¤  300+ Hz saved for 
reconstruction in 2013. 

¨  Data scouting in place. 
¤  High rate, small event 

content. 

95 kHz 

7.5e33 6.7e33 

7e33 menu 6e33 menu 

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



Trigger improvements: electrons 
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¨  Weekly updated 
corrections for signal 
response. 

¨  Much sharper turn-on 
in forward region. 



Trigger improvements: muons 
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¨  Tighter η roads in L1 track 
finders. 

¨  50% smaller muon rate. 
¤ With a small efficiency loss. 



Trigger improvements: jets 
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¨  Increase jet seed 
thresholds to 5 GeV. 

¨  Much better high-lumi. 
rate behavior. 
¤ No physics impact.  



Trigger improvements: taus 
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¨  Tighter quality criteria on 
isolation tracks. 

¨  Higher τ trigger efficiency. 
¤  Improvement for H→ττ 

search. 



CMS publications 
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¨  Since 110th LHCC: 
¤ 35 new submissions 

for publication 
n http://goo.gl/7L7vj 

¤ 75 new public 
Physics Analysis 
Summaries 
n http://goo.gl/VSGw0 

110th 
LHCC 



A variety of topics 
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4 5 The B+
c ! J/y p+p+p�

signal

The systematic error on the B+
c mass value is not quoted here since it will require the evaluation

of the momentum scale uncertainty at this energy range.

5 The B+
c ! J/y p+p+p�

signal

The B+
c ! J/y p+p+p� decay is the third and most recent experimentally observed mode.

The first preliminary estimate of Br(B+
c !J/yp+p+p�)

Br(B+
c !J/yp+)

has been presented by LHCb [5]. The search
for this decay in CMS is performed by adding three charged hadrons to the J/y candidate in
the event. Tighter selections are necessary to reduce the larger combinatorial background for
the five-track compared to the three-track final-state: vertex fit confidence level CL > 40 %,
cos a

xyx

> 0.99, L
xyz

/s
xyz

> 6, |h(B+
c )| < 1.6, pT (B+

c ) > 10 GeV/c and pT (p) > 1 GeV/c.

The J/y p+p+p� signal, shown in Fig. 2, is fitted with a Gaussian for the signal and a third
order polynomial function accounting for the background. The signal yield is 108 ± 19 events,
its mass is 6.265 ± 0.004 GeV/c

2 and its width is 0.021 ± 0.005 GeV/c

2. The S/
p

S + B ratio is
6.1 when evaluated in a mass range of ± 3 s within the mass peak.
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Figure 2: B+
c candidate invariant mass distribution.

Fit variants for this channel include various histogram binnings, from 8 to 30 MeV/c

2, poly-
nomial functions of different order for the background model, and different invariant-mass
windows to perform the fit.

The B+
c ! J/y p+p+p� yield is:

yield = 108 ± 19(stat.)± 14(syst.)

For the same set of fit variants the S/
p

S + B ratio varies from 5.4 to 6.7.

Highlights: B and Forward Physics 
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Υ(1,2,3S): no evidence for large polarization 

[BPH-11-003] [arXiv:1209.2922] [arXiv:1209.1666] 

Bc ➝ J/ψπ+π-π+ observation 
Observation of elastic e+e- production 



Highlights: Heavy-Ion physics  
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Sequential suppression of onia 
states 

A comprehensive array of probes with large pT reach: 
W bosons, Z bosons, photons, b-quarks, b-jets, charged particles, and jets. 

[HIN-10-005, HIN-11-008/002, HIN-12-008/014] [HIN-12-003, 004] [arXiv:1208.2826] [arXiv:1208.2826, HIN-12-007, 014] 



Highlights: Electroweak physics 
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Z → 4l decay 
9σ observation   

[SMP-12-005, 007, 011, 013, 014] [SMP-12-009] 

Single- and multi- boson production measurements 



Top pair production at 8 TeV 
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Single top production at 8 TeV 
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17 [TOP-12-011] 

The simplest of 3 analyses used for 7 TeV 



10 8 Summary

Table 4: The corrected asymmetry values in three bins of the kinematic variables |ytt̄|, pT,tt̄, and
mtt̄ with statistical and systematic uncertainties, along with the SM predictions (in case of ptt

T
we compare to the values obtained from POWHEG simulation).

Kinematic variable AC in bin 1 AC in bin 2 AC in bin 3
|ytt| 0.029 ± 0.021 ± 0.010 �0.016 ± 0.015 ± 0.010 0.001 ± 0.026 ± 0.022
|ytt|(SM pred.) 0.0030 ± 0.0002 0.0086 ± 0.0004 0.0235 ± 0.0010
ptt

T 0.037 ± 0.025 ± 0.022 0.014 ± 0.014 ± 0.012 �0.030 ± 0.021 ± 0.019
ptt

T (simulation) 0.0185 ± 0.0004 0.0022 ± 0.0004 0.0006 ± 0.0004
mtt �0.051 ± 0.027 ± 0.021 0.017 ± 0.017 ± 0.014 0.019 ± 0.017 ± 0.023
mtt (SM pred.) 0.0077 ± 0.0003 0.0112 ± 0.0004 0.0157 ± 0.0006
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Figure 4: Unfolded inclusive D|y| distribution (upper left), corrected asymmetry as a function
of |ytt| (upper right), ptt

T (lower left), and mtt (lower right). The measured values are compared
to NLO calculations for the SM — based on the calculations of Ref. [7] — and to the predictions
of a model featuring an effective axial-vector coupling of the gluon (EAG) [23]. The error bars
on the differential asymmetry values indicate the statistical and total uncertainties, determined
by adding statistical and systematic uncertainties in quadrature. The shaded areas indicate the
theoretical uncertainties on the NLO calculations.

8 Summary

An inclusive and three differential measurements of the charge asymmetry in tt production
at the LHC have been presented. Events with top-quark pairs decaying in the electron+jets
and muon+jets channels were selected and a full tt event reconstruction was performed to
determine the four-momenta of the top quarks and antiquarks. The observed distributions

Highlights: top properties 

5.2 Combination of Published CMS results 7

Table 3: Correlation coefficients between the input measurements.
Di-lepton 2010 Di-lepton 2011 Lepton+jets 2011

Di-lepton 2010 1.00
Di-lepton 2011 0.35 1.00
Lepton+jets 2011 0.26 0.64 1.00

Table 4: The weight coefficients assigned to the input measurements.
weight coefficient

Di-lepton 2010 -0.024
Di-lepton 2011 0.127
Lepton+jets 2011 0.898

5.2 Combination of Published CMS results192

For this combination, we only consider CMS published results [4, 6, 7]. The total correlation193

matrix for the measurements is shown below in Table 3.194

The combined CMS top-quark mass measurement is:195

mt = 173.32 ± 0.27 (stat.) ± 1.02 (syst.) GeV196

The total uncertainty is 1.05 GeV, corresponding to a relative precision on the top quark mass197

of 0.6%. The improvement with respect to the most accurate input measurement is 1.5%.The198

resulting total uncertainty is dominated by the factorization scale and the different components199

of JES uncertainty. The c2 for the combination is 1.1 for two degrees of freedom, corresponding200

to a fit probability of 59%. Again, the combined value for the top mass is close to the 2011201

lepton+jets input measurement [7], this time with a small improvement in accuracy as this202

measurement dominates the combination.203

In Table 4 the relative weights of the CMS input measurements are shown.204

6 Summary205

We present a preliminary combination of five CMS top-quark mass measurements using data206

collected from proton-proton collisions at a center-of-mass energy
p

s = 7 TeV in 2010 and 2011,207

using up to 5.0 fb�1 of integrated luminosity. Three published and two preliminary results are208

taken into account. The systematic uncertainties were classified into categories to include the209

correlations between measurements. To the extent possible, the categories have been kept sim-210

ilar to the ones used in Tevatron, so that future combinations with the ATLAS and Tevatron211

results can be facilitated. The resulting combination with statistical and systematic uncertain-212

ties is:213

mt = 173.36 ± 0.38 (stat.) ± 0.91 (syst.) GeV214

This result agrees very well with the latest Tevatron top-quark mass measurement [1], both in215

central value and precision.216

FCNC limit: B(t → Zq) < 0.24% @ 95% CL 
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[TOP-11-018] [arXiv:1207.0065] [TOP-12-019] [arXiv:1208.0957] [TOP-12-024] 

Charge asymmetry 

tt+MET production 

tt+bb production 
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Highlights: SUSY at 8 TeV 
19 

Sbottom: same-sign dileptons + b-jets Gluino: MET and 0-3+ b-jets via αT 

[SUS-12-016] [SUS-12-017] 

CMS at LHCC 111 A. David (LIP, Lisboa) 

7 TeV 
(obs.) 



SUSY: CMSSM sweeping 
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¨  The low-hanging fruits 
of light SUSY have 
been swept away. 

¨  Next up: naturalness. 
¤  Search for stops and 

sbottoms in gluino 
decays. 

¤  Direct search for light 
stop and sbottom. 

¤  Chargino and 
neutralino production. 

[SUS-11-022, SUS-12-005/010, arXiv:1204.5341/1205.6615/1206.3949/1207.1798/1207.1898] 



Stop and sbottom searches 
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More dedicated searches in the works 

Stop and sbottom in gluino decays Stop pair production 

[SUS-11-020/022/024/027, SUS-12-005/009, arXiv:1207.1798/1208.4859] [SUS-11-022/024, arXiv:1207.1798/1208.4859] [SUS-11-022/024, SUS-12-005] 
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•  Dijet resonance search, highest mass event:  
•  Three distinct particle-flow jets. 
•  2 lowest pT jets combined by wide jet algorithm.  

•  Invariant mass of the two wide jets is 4.5 TeV. 

Exotica 
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Figure 2: The invariant mass spectrum of µ+µ� (top) and ee (bottom) events. The points with
error bars represent the data. The histograms represent the expectations from standard model
processes: Z/g⇤, tt and other sources of prompt leptons (tW, diboson production, Z ! tt),
and the multi-jet backgrounds. Multi-jet backgrounds contain at least one jet that has been
misreconstructed as a lepton.

10 6 Conclusions
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Figure 6: Minimum black hole mass excluded at 95% CL as function of the reduced Planck
scale for various BLACKMAX black hole models without the stable remnant and number of
extra dimensions of two, four, and six (Top left). The minimum black hole mass, excluded at
95% CL, as function of the reduced Planck scale for various CHARYBDIS black hole models with
or without the stable remnant and number of extra dimensions n of (top right) two, (bottom
left) four, and (bottom right) six. The areas below each curve are excluded by this search.
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¨  Use photon or jet ISR to tag production of DM particles.  
¤  Process very similar to that assumed in direct detection experiments. 
¤  Exceeds sensitivity of cryogenic searches for DM in spin-dependent DM couplings. 
¤  Adds sensitivity to light (M < 10 GeV) DM also for spin-independent couplings 

(where direct searches are most sensitive due to coherent scattering ~A2). 

Exotica: Search for Dark Matter 
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Sh. Rahatlou	
 2	


Resonances 

Compositeness 

Long Lived 

LeptoQuarks 

Contact 
Interactions 

4th 
Generation 

Black 
Holes 
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CMS Exotica 
95% CL Exclusion Limits [TeV] 



Looking up to a new boson 
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We had high expectations 
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¨  Highest sensitivity in the channels with the best mass 
resolution: H → Z Z, and H → γγ. 

[arXiv:1207.7235] 



And Nature did not let us down 
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¨  Background fluctuations cannot explain the data at the 
5.0σ level. 
¤  Main drivers are the high resolution channels. 

[arXiv:1207.7235] 
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Inclusive Higgs mγγ resolution 
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7 TeV: 25% improvement over one year 

4.35 GeV FWHM = 4.23 GeV 3.29 GeV 3.18 GeV 

8 TeV 

7 TeV 

[HIG-11-010] [HIG-11-021] [HIG-12-001] [HIG-12-015] 

LP – Aug 2011 EPS – Jul 2011 Moriond – Feb 2012 ICHEP – Jul 2012 

3.7 GeV 

8 TeV: next round expect 
at least 7 TeV performance 



H→γγ 
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Global significance > 3.2σ Data combined using S/(S+B) 

[HIG-12-015] 
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H→ZZ→4l 
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Significance slightly short of 
expectation Mass distribution 

[HIG-12-016] 



The low mass resolution channels 
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Combined results 
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σ/σSM = 0.87 ± 0.23 

[HIG-12-020] 



Mass of the new resonance 
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Model-independent mass measurement 
from the high-resolution channels: 

mX = 125.3 ± 0.6 GeV 

Combination assuming SM relative 
production and decay fractions. 

[HIG-12-020] 



H → WW shape-based analysis 

CMS at LHCC 111 

37 

A. David (LIP, Lisboa) 

[HIG-12-038] 

¨  Discovery result used 
¤  cut-based analysis of 
¤  same-flavor (ee/μμ) 

and different-flavor 
(eμ) samples. 

¨  Same-flavor DY+MET 
background hard to 
model with high PU. 

¨  Shape-based, different-
flavor is the basis for 
future updates. 



ttH, H→bb: the power of tagging 
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[HIG-12-025] 

¨  tt(lepton+jets) and 
tt(dilepton) 
¤ Count b-tags 
¤ Shape analysis 



Higgs: next steps 
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¨  Exploit more exclusive 
channels. 

¨  Characterize the new 
state with 8 TeV data. 
¤ How does it couple to 

other particles ? 
¤ What are its spin and 

parity ? 

[HIG-12-020] 

No Higgs 

SM 

Fermiophobic 



Conclusions 

¨  CMS running more efficiently. 
¤  Unfortunate infrastructure down times. 
¤  Constant adaptation to collision environment. 

¨  Physics analysis proceeding at full speed. 
¤  Impressive description of LHC data by 

Standard Model. 
A tribute to decades of theoretical work. 

¤  Discovery of new boson is a great 
accomplishment for the field. 
Much work ahead to characterize it. 

¨  CMS is working hard to leave no stone 
unturned. 
¤  Looking forward to surprises. 
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For discussion 
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HZZ kinematic discriminant 
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Matrix Element Likelihood Analysis 
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Uses kinematic inputs for signal to background discrimination 

{m1,m2,θ1,θ2,θ*,Φ,Φ1} 

  

•  For signal, use fully analytic parameterization 
•  For BG use a simulation of the process 

 KD 

SM H(125 GeV) 
qq→ZZ 

[HIG-12-016] 



Results from 2D distributions 
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KD discriminant versus m4l 

¤ Data points shown 
with per-event mass 
uncertainties 

¤  Six simultaneous 
two-dimensional 
maximum likelihood 
fits for each value of 
mH , in the variables 
m4l  and KD . 

Data w.r.t. background expectation 

[HIG-12-016] 
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2D fit results: 
¤  The minimum local 

p -value occurs at 
mHH = 125.6 GeV 
and has a 
significance of 3.2 
(expected 3.8).  

¤  The best-fit signal 
strength for a SM 
Higgs boson mass 
hypothesis of 
125.6 GeV is 
0.7+0.4-0.3 

Data w.r.t 126 GeV Higgs Expectation 

Results from 2D distributions 
[HIG-12-016] 


