
CMS	  Highlights	  	  
October	  1,	  2012	  

Joe	  Incandela	  	  UCSB/CERN	  

Event with 78 reconstructed 
vertices and 2 muons… 
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CMS data-taking 2012 

§ Detector Status and Operational Efficiency are very good  
§ Recent fills 96-99% efficiency 

§  More than doubled the 2012 dataset from that used on July 4th  
§ We were not so lucky with infrastructure in a few periods 

§  0.5 /fb at B-0 for instance 
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Lpeak	  >	  7x1033Hz/cm2	  !	  

Last	  2	  fills	  before	  the	  recent	  
technical	  stop	  
	  Delivered:	  142.8	  pb-‐1	  

Recorded:	  140.5	  pb-‐1	  98.4%	  	  
Delivered:	  153.1	  pb-‐1	  Recorded:	  
150.8	  pb-‐1	  98.5%	  

Many	  thanks	  
to	  the	  LHC	  !	  
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Detector	  Performance	   3 

0	   10	   20	   30	   40	   50	   60	   70	   80	   90	   100	  

muon	  CSC	  
muon	  DT	  

muon	  RPC	  
HCAL	  Barrel	  

HCAL	  Endcap	  
HCAL	  Forward	  

HCAL	  Outer	  
ECAL	  Barrel	  

ECAL	  Endcap	  
Preshower	  

Strips	  
Pixels	  

CMS	  Subsystem	   muon	  CSC	   muon	  DT	   muon	  RPC	   HCAL	  Barrel	   HCAL	  Endcap	   HCAL	  Forward	   HCAL	  Outer	   ECAL	  Barrel	   ECAL	  Endcap	   Preshower	   Strips	   Pixels	  
%OperaDonal	   97.55	   98.6	   98.4	   99.4	   99.96	   99.88	   96.88	   99.11	   98.89	   96.9	   97.61	   95.5	  
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§  Delivered	  14.4	  X-‐1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
§  Recorded	  13.6	  X-‐1	  (94.4%)	  
§  Certified	  

§  Golden	  12.1	  X-‐1	  (84%)	  
§  Muon	  12.8	  X-‐1	  (89%)	  

2012	  Data	  Certification	  

2011	  final	  numbers:	  Delivered	  	  5.602	  X-‐1	  	  	  	  	  	  	  	  	  	  	  	  	  	  
§  Recorded	  5.189	  X-‐1	  (93%)	  	  

§  Certified	  
§  Golden	  4.699	  X-‐1	  (84%)	  
§  Muon	  4.965	  X-‐1	  (89%)	  

88-‐89%	  of	  data	  
delivered	  is	  used	  
for	  physics	  	  
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Trigger	  Performance	  

§  e/γ Triggers	  in	  2012	  
§  ECAL	  transparency	  corrections	  

implemented	  -‐>	  sharper	  turn-‐ons	  	  

µ	  rate	  cut	  50%	  
for	  few	  %	  loss	  
in	  efficiency	  
§ 	  And	  re-‐scoped	  
to	  |η|	  =2.4	  	  

•  Jets:	  Added	  a	  5	  GeV	  jet	  seed	  threshold.	  	  
•  Greatly	  improves	  linearity,	  no	  loss	  in	  physics	  	  	  	  

8E33 menu deployed last week 
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L1	  Trigger	  Rates	  §  Record	  Lumi	  Fill	  (7.5E33)	  
§  Steady	  near	  100	  kHz	  limit	  	  
§  Deadtime	  5%	  initially	  but	  

very	  quickly	  drops	  

6 

8E33	  column	  has	  not	  yet	  
been	  used.	  	  
•  At	  this	  luminosity	  we	  

start	  to	  impact	  Higgs	  
and	  other	  key	  physics	  
channels.	  

9E33 Failsafe column 
22  Single EG 
14  Single Mu (central) 
10, 3.5  Double Mu 
xxx  Double Mu HighQ (BPH) 
xxx  HT 
50  MET 
64  Double Jet (central) 
xxx  Quad Jet (central) 
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HLT	  is	  working	  fine,	  
up	  to	  the	  recent	  
record	  luminosity	  
of	  7.5nb-‐1/s	  	  

	  	  	  HLT	  Status	  

Overall	  (Stream	  A=Physics)	  
cross	  section	  is	  constant	  

v3 

v4	  

IsoMu24_<PF<jet30_PFJet25_Deta3_CentralPFJET25 Particle	  Flow	  Jet	  Energy	  
corrections	  cured	  non-‐
linearities	  of	  many	  paths!	  

Luminosity µb-1s-1 

DiCentralPFNoPUJet
150_PFMETorPFMEt
NoMu80 
DiCentralPFJet30_PF
MET80_BTagCSV07 

PU=45 PU=65 

Some	  paths	  (mostly	  
MET	  related)	  are	  still	  
non-‐linear	  
•  Evident	  in	  High-‐PU	  
test	  runs	  

CPU	  time	  linear	  with	  PU,	  no	  sign	  of	  runaway	  
Our	  limit	  ~	  190	  ms	  	  ~8.5	  E33	  (at	  ~100kHz	  L1	  input)	  
•  Ranking	  CPU-‐intensive	  paths	  is	  ongoing	  
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HLT	  Performance	  

Tau	  trigger:	  changed	  quality	  criteria	  on	  	  isolation	  tracks	  
•  60%	  improvement	  in	  H	  → ττ	  efficiency	  

Barrel	   Endcap	  

HLT	  µ efficiency	  increased	  in	  2nd	  
half	  of	  2012	  via	  introduction	  of	  
pileup	  corrections	  for	  isolation	  

8 
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CMS publications 

http://cmsdoc.cern.ch/~mccauley/cmsphysics/	  
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CMS publications 

Physics	  Group Planned 
B2G 10 
BPH 19 
SMP 22 
EXO 1 

FWD/FSQ 15 
HIG 6 
HIN 3 
SUS 3 
TOP 5 

72 

170 Collision data papers published or submitted  
40 now in final stages of preparation for submission 

Remaining (planned) 
pubs with 2011 data 

Publications with 2012 data: planning underway 

10 

0 10 20 30 40 50 60 

BPH 

EXO 

B2G 

FSQ/
FWD 

HIG 

HIN 

SMP/
EWK 

SUS 

QCD 

TOP 

CMS Physics Publications: 170+39 



Some	  recent	  results	  

11 
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Heavy-‐Ion	  Highlights	  

11
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Figure 5: The nuclear modification factor as function of centrality (left), pT (right) and rapidity
(bottom) for the prompt J/ψ. The gray boxes plotted at RAA =1 indicate the scale of the global
uncertainties: (left) the uncertainty of 6% on the measured integrated luminosity of the pp data
sample, together with the statistical and systematic uncertainty on the pp data set; (right and
bottom) the pp luminosity and the TAA uncertainties. The bin boundaries are indicated by
small horizontal lines where meaningful.
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Rapidity
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
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Figure 3: Z → µ µ yields versus the Z boson rapidity. Theoretical predictions are described in
the text. The black solid line comes from the POWHEG pp generator, multiplied by TAA.
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Figure 4: Z → µ µ yields versus the Z boson transverse momentum. Vertical lines (bands) cor-
respond to statistical (systematic) uncertainties. The black solid line comes from the POWHEG
pp generator, scaled by TAA.

6 5 Results and Conclusions

Table 1: Relative systematic uncertainties on the b-jet to inclusive jet ratio

pT ( GeV/c) Tagging eff. udsg:c norm. Non-b shape Working point JES Total
PbPb

80-100 5% 3% 2% 11% 14% 19%
100-120 9% 17% 8% 25% 14% 35%
120-150 8% 11% 12% 15% 14% 27%
150-200 4% 15% 6% 20% 14% 30%

pp
80-100 12% 7% 36% 18% 7% 43%
100-120 16% 6% 11% 18% 7% 28%
120-200 25% 5% 6% 22% 7% 35%

The small difference between the trigger efficiencies is applied as a correction.

5 Results and Conclusions
The b-jet to inclusive jet ratio is calculated from (N

tagged
jets /Njets)(P/�), where N

tagged
jets and Njets

are the number of tagged jets and the total number of jets counted from the data, respectively,
and P and � correspond to the purity and efficiency plotted in the left and right panels of Fig. 3,
respectively. The left panel of Fig. 4 shows this ratio as function of jet pT in 0-100% PbPb cen-
trality collisions. The b-jet fraction is around 2.9–3.5% with no significant pT dependence, with
an absolute uncertainty in the range of 0.6–1.1%, increasing with jet pT. The values predicted
by PYTHIA+HYDJET, which decrease from about 3% to 2.5% as a function of pT, are consistent
with the data. The b-jet fraction in pp collisions as a function of jet pT is shown in the right
panel of Fig. 4. The values predicted by PYTHIA are consistent with the data.

The left panel in Fig. 5 shows the b-jet fraction as a function of PbPb collision centrality for
80 < jet pT < 120 GeV/c. No dependence is observed within the uncertainties. The ratio of
the b-jet fraction in 0-100% PbPb to pp collisions is shown in the right panel of Fig. 5. The
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Figure 4: The b-jet to inclusive jet ratio in 0-100% PbPb collisions (left) and pp collisions (right)
as a function of jet pT compared to PYTHIA embedded in HYDJET (PbPb) and PYTHIA (pp).
Data and MC have not been corrected for bin migration effects from finite jet resolution.

HIN-12-014

pT(Z→µµ)	  
Diff.	  distrib.	  

Prompt	  J/ψ	  

Relative	  b-‐jet	  
yield,	  pp	  

Relative	  b-‐jet	  
yield,	  PbPb	  

HIN-12-008

HIN-12-003

8 5 Analysis and results

partN
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 Particle Flow Jets         R = 0.3TAnti-k
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Figure 5: Bayesian unfolded jet RAA for anti-kT jets of R=0.3 as a function of Npart. Closed circles
represent the jet RAA for 100 < p

jet
T < 110 GeV/c, and open boxes the jet RAA for 100 < p

jet
T <

300 GeV/c. Vertical lines represent the uncorrelated statistical uncertainty and the wide grey
bands represent the systematic uncertainty with the TAA uncertainty included.

technique alone. The systematic uncertainties (not shown) for the other unfolding techniques
and pp smearing are of a similar magnitude to the Bayesian. The RAA without unfolding, i.e.
measured RAA, is presented in open black points as a comparison. All methods give consistent
suppression amounts within the uncertainties. The jet RAA calculated from unfolded jet spectra
reconstructed with only calorimeter information is found to be in agreement with the particle
flow jet results shown here.

The jet RAA in Fig. 7 shows anti-kT particle-flow jets reconstructed with different effective cone
sizes with Bayesian unfolding. Points for R parameters of 0.2 and 0.4 are shifted by a small
value in jet pT from the bin center to allow them to be distinguished. The systematic uncertainty
(grey box) is shown for only R=0.3 jets. Jets of different sizes, thus sampling different amount
of total jet pT, show the same jet RAA from 100 to 300 GeV/c within the uncertainties.

HIN-12-004

Nucl.	  Mod.	  Factors	  

12 

Separate	  prompt	  
from	  non-‐prompt	  

First	  bjet	  ID	  in	  HI	  
collisions.	  	  
Also	  quenched.	  	  

Jet	  RAA	  
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) (pb)t(t!

0 100 200 300 400
-0.5

3.8

CMS combined  10 pb± 11 ±  3 ±227 
 lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS dilepton (ee,  10 pb± 11 ±  3 ±227 
TOP-12-007 (L=2.4/fb)  lumi.)± syst. ± stat. ±(val. 

+jets)µCMS l+jets (e/  10 pb±  26
29 ±  9 ±228 

TOP-12-006 (L=2.8/fb)  lumi.)± syst. ± stat. ±(val. 

=8 TeVsCMS Preliminary, 

Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)
Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

 PDF uncertainty)"Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale 
Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

Top	  Highlights:	  Cross	  Sections	  
§ σt	  (t-‐channel)	  at	  8	  and	  7	  TeV	  
§ σtt	  in	  the	  dilepton	  and	  lepton
+jets	  channels	  at	  8	  TeV	  	  
§  Also	  all-‐hadronic	  and	  τ+jets	  at	  7	  TeV	  

 (TeV)s
6 6.5 7 7.5 8 8.5 9

) (
pb

)
t(t!

50

100

150

200

250

300

350

)-1CMS combined 7 TeV (1.1 fb

)-1CMS combined 8 TeV (2.8 fb

NLO QCD
Approx. NNLO QCD
Scale uncertainty

 PDF uncertainty"Scale 

CMS Preliminary

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty

TOP-‐12-‐006	  	  
TOP-‐12-‐007	  

TOP-‐12-‐011	  

σt	  (t-‐channel)	  	  

σtt	  	  

σtt	  	  

13 

σtt(NLO)	  =	  225.2	  pb	  calculated	  using	  MCFM	  
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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 p

tt
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
p

tt
T 0.037 ± 0.025 ± 0.022 0.014 ± 0.014 ± 0.012 −0.030 ± 0.021 ± 0.019

p
tt
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

|y|!
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|y|
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0 0.5 1 1.5

CA

-0.05

0
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Figure 4: Unfolded inclusive ∆|y| distribution (upper left), corrected asymmetry as a function
of |ytt| (upper right), p

tt
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

Top	  Highlights:	  Properties	  
	  
	   §  tt	  differential	  

measurements:	  	  
   e.g.	  Q	  asymmetry	  

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 χ2 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
√

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

TOP-‐11-‐018	  

arXiv:1207.0065	  

TOP-‐12-‐019	  

FCNC	  top	  decay	  limit:	  
B(t	  →	  Zq)	  <	  0.24%	  @	  95%	  CL	  

Associated	  
production	  	  
tt+MET	  

arXiv:1208.0957	  
Associated	  production	  ttbb	  
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Electroweak	  Highlights	  
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Figure 2: Expected and observed two-dimensional exclusion limits at 95% CL on the anoma-
lous neutral trilinear ZZZ and ZZγ couplings. The green and yellow bands represent the one-
and two-standard-deviation variations from the expected limit. In calculating the limits, the
couplings that are not shown in the figure are set to zero.

nation. The invariant mass distributions are interpolated using Sherpa simulation for different209

values of the anomalous couplings and the fit is performed to find the maximum likelihood210

value. The green and yellow bands represent the one- and two-standard-deviation variations211

from the expected limit. The present limits are dominated by statistical uncertainties. System-212

atic uncertainties arising from the uncertainty on the theoretical cross section, PDF, detector213

efficiencies, and luminosity are introduced in the form of nuisance parameters with log-normal214

probability density functions. One-dimensional 95% CL limits for the f
Z,γ
4 and f

Z,γ
5 anomalous215

coupling parameters are measured to be −0.012 < f
Z

4 < 0.013 and −0.012 < f
Z

5 < 0.013, and216

−0.014 < f
γ
4 < 0.014 and −0.015 < f

γ
5 < 0.015. In the fit all aTGC parameters except that217

under study are kept fixed to zero. These limits, obtained assuming no form factor, extend218

previous results on vector boson self-interactions and are currently the most stringent limits219

established for ZZZ and ZZγ couplings.220

In summary, we have presented an updated measurement of the ZZ production cross section in221

proton-proton collisions at 7 TeV in the ZZ → 2�2�� decay mode, with � = e, µ and �� = e, µ, τ.222

The data sample corresponds to an integrated luminosity of 5.02 fb−1. The measured cross223

section σ(pp → ZZ) = 6.24 +0.86
−0.80 (stat.) +0.41

−0.32 (syst.) ± 0.14 (lumi.) pb is consistent with the SM224

prediction and is the most precise published pp → ZZ cross section measurement. For the225

first time the pp → ZZ → 2�2� measurements are extended to include final states with τ lep-226

tons. Limits on vector-boson self-interactions are established, significantly restricting anoma-227

lous ZZZ and ZZγ trilinear gauge couplings.228
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(India); IPM (Iran); SFI (Ireland); INFN (Italy); NRF and WCU (Korea); LAS (Lithuania); CIN-236
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Figure 9: Measured and predicted W versus Z production and W+ versus W− cross sections.
The ellipses illustrate the 68% coverage for total uncertainties (open black) and excluding the
luminosity uncertainty (purple filled). The uncertainties of the theoretical predictions corre-
spond to the PDF uncertainties only.
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Z

Figure 10: Measurements of inclusive W and Z production cross sections times branching ra-
tios as a function of center-of-mass energy for CMS and experiments at lower-energy colliders.
The lines are the NNLO theory predictions.

Figure 10 shows the W and Z boson production cross section measurements at
√

s=8 TeV to-
gether with the earlier CMS measurements at

√
s =7 TeV and with measurements at lower

center-of-mass energy hadron colliders. The predicted increase of the cross sections with cen-
ter of mass energy is confirmed by our measurements.

8 Summary
We performed measurements of inclusive W and Z cross sections in pp collisions at

√
s =

8 TeV using 18.7 ± 0.9 pb−1 of data recorded with the CMS detector. The W and Z bosons
are observed via their decays to electrons and muons. The measured inclusive cross sections

Measured	  	  σ	  (ZZ)	  =	  8.4	  ±	  1.3	  pb	  
SM	  (NLO)	  σ	  (ZZ)	  =	  7.7	  ±	  0.4	  pb	  
Measured	  	  σ	  (WW)	  =69.9	  ±	  7.0	  pb	  
SM	  (NLO)	  σ	  (WW)	  =	  57.3	  ±	  2.0	  pb	  

SMP-‐12-‐011	  
SMP-‐12-‐013	  
SMP-‐12-‐014	  

SMP-‐12-‐007	  

W,	  Z,	  WW,	  and	  ZZ	  cross	  sections	  at	  8	  TeV	  
(Special	  Low	  PU	  runs	  used	  for	  W,Z	  at	  8	  TeV)	  	  

§ Limits	  on	  	  
anomalous	  	  
ZZZ/ZZγ	  
couplings:	  
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B	  and	  Forward	  Physics	  

Observation	  of	  	  
elastic	  e+e-‐	  
production	  
	  

4
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Figure 2: Correlations between λϕ and λϑ (left), and λϑϕ and λϕ (right) for Υ(1S) with |y| < 0.6
and 30 < pT < 50 GeV. The 68.3% and 99.7% CL contours are shown for the CS and HX frames.
The shaded areas represent physically forbidden phase space regions [17].

data-driven modeling of the background angular distribution under the Υ(nS) peaks has been119

tested by varying the signal region from ±3 σ to ±1 σ around the Υ(nS) masses (with corre-120

sponding kinematic corrections determined from simulation). Despite significant changes in121

fB (from 40% to 28% for the Υ(3S) at low pT and |y| < 0.6, for instance), the results remain122

essentially identical for all three states. Larger variations are observed by modifying the rel-123

ative weights of the low- and high-mass sidebands in the background model composition. A124

conservative range of hypotheses is considered, such as assuming that the background under125

the Υ(1S) (Υ(3S)) peak resembles exclusively the low-mass (high-mass) sideband, or assuming126

that it is reproduced by an equal mixture of the two sideband distributions. While there is no127

dominant source of systematic uncertainty in the Υ(1S) case, the total systematic uncertainty128

of the Υ(2S) and Υ(3S) states is dominated by the background model uncertainty, especially at129

low pT. At high pT, the statistical uncertainties dominate. For example, the statistical uncer-130

tainties in λϑ(PX) at |y| < 0.6 for the Υ(1S) (Υ(3S)) are of order 0.1 (0.2) at both low and high131

pT; the corresponding systematic uncertainties have a similar magnitude at low pT and are a132

factor of two (three) smaller at high pT.133

Each final PPD is an envelope of all PPDs corresponding to the ranges of hypotheses covered134

by the systematic uncertainties. One- and two-dimensional projections of each final PPD are135

calculated by numerical integration. The highest posterior probability in each one-dimensional136

projection is used to estimate the best value of the associated polarization parameter. Intervals137

of parameter values, [λ1, λ2], corresponding to a given confidence level (CL), are calculated by138

identifying two regions of the parameter space, [−∞, λ1] and [λ2, ∞], each containing 0.5 · (1 −139

CL)% of the one-dimensional projection of the PPD. Figure 2 shows two projections of the final140

PPD for the Υ(1S) at |y| < 0.6 and 30 < pT < 50 GeV, displaying the 68.3% and 99.7% CL141

contours for the CS and HX frames.142

Figures 3 and 4 show, respectively for the rapidity ranges 0.0–0.6 and 0.6–1.2, one-dimensional143

profiles (68.3%, 95.5%, and 99.7% CL intervals) of the PPDs of the parameters λϑ, λϕ, and λϑϕ,144

for the Υ(1S), Υ(2S), and Υ(3S) states, in the HX frame. Figure 5 displays the corresponding145

results for the frame-invariant parameter λ̃, including also the CS and PX values. The results146

obtained in the three frames are in good agreement, as required in the absence of unaccounted147

for systematic effects. Complete tables of results for λϑ, λϕ, λϑϕ, and λ̃, for the three Υ states148

and in the three frames considered in this analysis, are available in Ref. [24].149

4 5 The B
+
c → J/ψ π+π+π− 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/ψ π+π+π− signal

The B+
c → J/ψ π+π+π− decay is the third and most recent experimentally observed mode.

The first preliminary estimate of Br(B+
c →J/ψπ+π+π−)

Br(B+
c →J/ψπ+)

has been presented by LHCb [5]. The search
for this decay in CMS is performed by adding three charged hadrons to the J/ψ 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 αxyx > 0.99, Lxyz/σxyz > 6, |η(B+

c )| < 1.6, pT (B+
c ) > 10 GeV/c and pT (π) > 1 GeV/c.

The J/ψ π+π+π− 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/c2 and its width is 0.021 ± 0.005 GeV/c2. The S/

√
S + B ratio is

6.1 when evaluated in a mass range of ± 3 σ within the mass peak.

)2 mass  (GeV/c+!-!+!"J/
5.8 6 6.2 6.4 6.6 6.8

)2
Ev

en
ts

/(0
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20
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eV
/c

0

20
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100

120

140

CMS preliminary
 = 7 TeVs

-1L = 4.7 fb

(stat) 19± = 108 
cBN

2 GeV/c(stat) 0.004± = 0.021 #
2 GeV/c(stat) 0.004± = 6.265 

cBm

) > 10 GeV/c
c

(B
T

p
)| < 1.6

c
(B$|

Figure 2: B+
c candidate invariant mass distribution.

Fit variants for this channel include various histogram binnings, from 8 to 30 MeV/c2, poly-
nomial functions of different order for the background model, and different invariant-mass
windows to perform the fit.

The B+
c → J/ψ π+π+π− yield is:

yield = 108 ± 19(stat.)± 14(syst.)

For the same set of fit variants the S/
√

S + B ratio varies from 5.4 to 6.7.

BPH-‐11-‐003	  

BPH-‐11-‐023	  

arXiv:1209.1666	  

Bc	  → J/Ψπππ	  
ϒ(12),	  ϒ(2S), ϒ(3S)	  polarization	  
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No	  evidence	  for	  large	  transverse	  or	  longitudinal	  polarizations	  
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Electroweak	  Highlights	  
Z→	  4l	  decay	  	  
8.9	  σ	  observation	  	  	  

SMP-‐12-‐009	  

17 

•  Standard	  candle	  
•  H	  →ZZ→	  4l	  
•  10x	  more	  events	  

•  Current	  statistics	  
±0.5%	  on	  m4l	  scale	  
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Light	  stops,sbottoms	  and	  EWKinos	  
Chargino-‐neutralino	  production	  
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SUS-‐11-‐022	  

Stop	  	  
via	  αT	  

Sbottom	  	  
via	  αT	  

18 



O
ct

ob
er

 1
, 2

01
2 

  C
M

S
 H

ig
hl

ig
ht

s,
 L

H
C

 d
ay

s 
in

 S
P

LI
T 

   
   

 
   

  J
. I

nc
an

de
la

   
  U

C
S

B
/C

E
R

N
  

 

Exotica	  

•  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	  

19 
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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/γ∗, tt and other sources of prompt leptons (tW, diboson production, Z → ττ),
and the multi-jet backgrounds. Multi-jet backgrounds contain at least one jet that has been
misreconstructed as a lepton.

14 7 Conclusions

Figure 6: Upper limits as a function of resonance mass M on the production ratio Rσ of cross
section times branching fraction into lepton pairs for Z�

SSM and Z�
ψ boson production to the same

quantity for Z bosons for the combined dilepton 7+8 TeV data, with the 7 TeV limits described in
[4]. Shaded green and yellow bands correspond to the 68% and 95% quantiles for the expected
limits.
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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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Beyond	  2nd	  	  Generation	  (B2G):	  Boosted	  Objects	  

3.2 Signal efficiency 5
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Figure 1: (a) The simulated jet mass for NTMJ MC (light yellow histogram) and Z� MC (open
histogram). (b) The top-tagging efficiency for Z� MC events is shown as red squares with error
bars (see Sec. 3.2), and the mistag probability for top tagging measured in data is shown as
black circles with error bars (see Sec. 3.3), both as a function of jet pT.
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Figure 2: (a) The mass of the highest-mass jet (W-jet), and (b) the mass of the Type-2 top can-
didate (W + b), in the hadronic hemisphere of moderately boosted semimuonic tt events. The
data are shown as points with error bars, the tt Monte Carlo events in dark red, the W+jets
Monte Carlo events in lighter green, and non-W multijet (non-W MJ) backgrounds are shown
in light yellow (see Ref. [46] for details of non-W MJ distribution derivation). The jet mass is
fitted to a sum of two Gaussians in both data (solid line) and MC (dashed line), the latter of
which lies directly behind the solid line for most of the region.

sumption that the efficiency scale factor for the Type-1 top tagging is the same as that for the
W-tagging.

3.3 Background estimate

Since this analysis focuses on signatures with high-pT jets, the main backgrounds expected are
from SM non-top multijet production and tt production. The background from NTMJ produc-
tion is estimated from sidebands in the data as described below. For the Z� masses considered
in this analysis, the irreducible SM tt component is significantly smaller than the NTMJ back-
ground contribution, and is therefore estimated from MC simulation using the same correction
factors as found for the Z� MC described in Sec. 3.2. It is normalized to the approximate next-to-
next-to-leading-order (NNLO) cross section for inclusive tt production, taken to be 163 pb [48–
50].

5.1 Resonance analysis 13
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Figure 4: The 95% CL upper limits on the product of production cross section (σ) and branch-
ing fraction (B) of hypothesized objects into tt, as a function of assumed resonance mass. (a)
Z� production with ΓZ�/mZ� = 1% (1% width assumption) compared to predictions based on
Refs. [4–6] for ΓZ�/mZ� =1.2% and 3.0%. (b) Z� production with ΓZ�/mZ� = 10% (10% width
assumption) compared to predictions based on Refs. [4–6] for a width of 10%. (c) Randall–
Sundrum Kaluza–Klein gluon production from Ref. [12], compared to the theoretical predic-
tion of that model. The ±1 and ±2 standard deviation (s.d.) excursions are shown relative to
the results expected for the available luminosity.

qW Resonance Mass (GeV)
1000 1500 2000 2500 3000

 (p
b)

A ! B !
Cr

os
s 

Se
ct

io
n 

-310

-210

-110

1

)-1CMS Preliminary (5.0 fb

 = 7 TeVs

Observed 95% CL Upper Limit

Expected 95% CL Upper Limit

" 1±Expected Limit 

" 2±Expected Limit 

Excited Quark -> qWEXO-‐11-‐095	  

Z’	  →	  tt	  

Top-‐tagging	  

Hadronic	  ‘W	  subjet’	  

Boosted	  W(jj)	  

Boosted	  top	  

qW,qZ,WW,WZ,ZZ-‐
resonances	  in	  the	  W	  
or	  Z-‐tagged	  Dijet	  
Mass	  Spectrum	  

Search	  for	  Z’	  →	  tt	  with	  merged	  jets	  from	  
boosted	  top,	  W	  as	  reconstructed	  with	  
algorithms	  developed	  by	  CMS	  
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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	  for	  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	  11
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Figure 4: Comparison of the 90% CL upper limits on the dark matter-nucleon scattering
cross section versus mass of dark matter particle for the (left) spin-independent and (right)
spin-dependent models with results from CMS using monophoton signature [14], CDF [15],
XENON100 [16], CoGeNT [17], COUPP[18], CDMS II [19, 20], Picasso [21], SIMPLE [22], Ice-
Cube [23], and Super-K [24] collaborations.

Table 6: Observed 90% CL limits on the dark matter-nucleon cross section and effective contact
interaction scale Λ for the spin-dependent and spin-independent interactions.

Spin-dependent Spin-independent
Mχ (GeV/c2) Λ (GeV) σχN (cm2) Λ (GeV) σχN (cm2)

0.1 754 1.03 × 10−42 749 2.90 × 10−41

1 755 2.94 × 10−41 751 8.21 × 10−40

10 765 8.79 × 10−41 760 2.47 × 10−39

100 736 1.21 × 10−40 764 2.83 × 10−39

200 677 1.70 × 10−40 736 3.31 × 10−39

300 602 2.73 × 10−40 690 4.30 × 10−39

400 524 4.74 × 10−40 631 6.15 × 10−39

700 341 2.65 × 10−39 455 2.28 × 10−38

1000 206 1.98 × 10−38 302 1.18 × 10−37

Table 7: Observed and expected 95% CL lower limits on the ADD model parameter MD (in
TeV/c2) as a function of δ, with and without NLO K-factors applied.

LO NLO
δ Exp. Limit Obs. Limit Exp. Limit Obs. Limit

(TeV/c2) (TeV/c2) (TeV/c2) (TeV/c2)
2 3.81 4.08 4.20 4.54
3 3.06 3.24 3.32 3.51
4 2.69 2.81 2.84 2.98
5 2.44 2.52 2.59 2.71
6 2.28 2.38 2.40 2.51
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Higgs	  
§  Publication	  
§  No	  significant	  changes	  
from	  4th	  of	  July	  

§  New	  
§  H	  →WW	  (Diff.	  Flavours)	  

   Shape-‐	  based	  	  analysis	  
   Stronger	  signal	  

	  	  

23 
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CMS γγ event 24 
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§  Sum	  of	  mass	  distributions	  for	  each	  event	  class,	  weighted	  by	  S/B	  
§  B	  is	  integral	  of	  background	  model	  over	  a	  constant	  signal	  fraction	  interval	  

CMS	  γγ	  Mass	  Distribution	  
25 
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Results:	  m(4l)	  spectrum	  

164	  events	  expected	  in	  [100,	  800	  GeV]	  
172	  events	  observed	  in	  [100,	  800	  GeV]	  
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Yields	  for	  m(4l)=110..160	  GeV	  	  

2011+2012	  
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PLB:	  Combined	  Results	  

By	  √s	  

By	  Decay	  

5.0σ	  versus	  	  
5.8σ	  expected	  
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Signal	  Strengths	  
	  	  
§  Best-‐fit	  signal	  strength	  to	  
combined	  data	  

§  Spin-‐parity	  
§  Spin	  one	  ruled	  out	  by	  2γ	  decay	  
§  Assuming	  S=0,	  one	  can	  use	  
HàZZ	  to	  distinguish	  between	  
parity	  states	  

!  
! SM

= 0.87± 0.23
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§  Likelihood	  scan	  for	  mass	  and	  	  
signal	  strength	  in	  three	  high	  	  
mass	  resolution	  channels	  
§  results	  are	  self-‐consistent	  and	  	  

can	  be	  combined	  

Characterization	  of	  the	  excess:	  mass	  	  

§  To	  reduce	  model	  dependence,	  	  allow	  for	  
free	  cross	  sections	  	  in	  	  three	  channels	  
and	  fit	  for	  the	  common	  mass:	  	  

m	  =	  125.3	  ±	  0.4	  (stat)	  ±	  0.5	  (syst)	  

29 

LHC	  ultimate	  precision:	  	  
<	  100	  MeV	  
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§  Discovery	  result	  was	  based	  on	  SF	  (ee,	  µµ)	  and	  DF	  (eµ)	  cut-‐based	  analysis	  
§  Understanding	  of	  the	  SF	  background	  dominated	  by	  DY+MET	  is	  very	  non-‐trivial	  in	  

the	  presence	  of	  large	  PU	  
§  Moving	  away	  from	  SF	  in	  the	  future	  (sensitivity	  is	  marginal)	  	  

§  The	  shape-‐based	  DF	  analysis	  will	  be	  the	  basis	  of	  future	  updates	  

New	  H→WW	  Shape-‐Based	  Analysis	  

7	  TeV	  published	  +	  
8	  TeV	  DF	  only	  

7	  TeV	  published	  +	  
8	  TeV	  DF	  shape	  +	  SF	  cut	  

HIG-12-038



Some	  Projections	  	  

2011+2012	  datasets	  

31 
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§  Major	  part	  of	  the	  Higgs	  program	  with	  2012	  data	  is	  
measurement	  of	  the	  couplings	  
§  15%	  measurement	  of	  the	  signal	  strength	  is	  possible,	  which	  
would	  allow	  for	  a	  confirmation	  of	  SM-‐like	  nature	  of	  the	  
observed	  particle	  or,	  conversely,	  that	  it’s	  not	  a	  SM	  Higgs	  

Higgs	  Projections	  
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§  Established	  only	  the	  bosonic	  channels	  thus	  far	  	  
§  Major	  focus	  now	  is	  the	  study	  of	  fermionic	  decays	  	  
   Do	  they	  exist	  and	  are	  they	  consistent	  with	  the	  SM	  predictions?	  

Higgs:	  Fermionic	  Channels	  

CMS	  Projection	  
8	  TeV,	  30	  \-‐1	  

CMS	  Projection	  
8	  TeV,	  30	  \-‐1	  

SM	  sensitivity	  is	  reached	  or	  exceeded	  (dashed	  red	  lines)	  
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§  Matrix	  element	  (MELA)	  
§  for	  hypothesis	  discrimination	  
§  3.1σ	  by	  the	  end	  of	  the	  run	  (expectation	  =	  1.6σ	  for	  July	  4th	  sample)	  
   depends	  on	  assumed	  yield,	  ~4σ	  with	  mean	  SM	  expectation	  

  SM	  expectation	  is	  higher	  than	  observed	  significance	  in	  this	  channel	  in	  CMS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
§  H-‐>ZZ	  channel	  most	  promising	  for	  spin-‐0	  parity	  determination	  
   add	  H-‐>WW	  and	  γγ	  for	  spin-‐2	  analysis	  

34 

Study	  of	  parity	  in	  H-‐>ZZ*	  
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§  Follow-‐up	  simplified	  generator	  study	  
§  S.Bolognesi	  et	  al.,	  arXiv:1208.4018	  
§  WW	  feature:	  angle	  between	  decay	  planes	  
§  γγ:	  production	  angle	  	  

35 

H-‐>ZZ,	  WW,	  γγ   	


§  	  Close	  to	  4σ	  separation	  possible	  
§  for	  both	  odd	  parity	  and	  spin-‐2	  
§  more	  scenarios	  are	  open...	  

2gamma	  

WW	  

spin-‐0,	  parity-‐odd,	  35/7	  spin-‐2,	  minimal,	  35/7	  



Upgrades	  
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§  Upgraded	  Pixel	  Detector	  
§  Less	  material,	  better	  radial	  
distribution	  	  

§  New	  ROC	  &	  extra	  layer	  recovers	  
tracking	  efficiency	  (and	  lowers	  fake	  
rate)	  

§  Upgraded	  HCAL	  	  
§  Improve	  background	  rejection	  
§  Improve	  MET	  resolution	  
§  Improve	  Particle	  Flow	  via	  improved	  
S/N	  from	  new	  photodetectors	  

§  Identify	  depth	  of	  shower	  max	  
utilizing	  longitudinal	  segmentation	  
and	  timing	  

Upgrades	  
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§  (Right)	  Improvement	  in	  b-‐tag	  
performance	  w/	  new	  pixel	  detector,	  
in	  ttbar	  events,	  as	  a	  function	  of	  
pileup	  

§  (Below)	  Improvement	  in	  tracking	  
efficiency	  (left)	  and	  tracking	  fake	  rate	  
(right)	  w/	  new	  pixel	  detector,	  in	  ttbar	  
events,	  as	  a	  function	  of	  pileup	  

Improved	  Tracking	  &	  Btagging	  
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§  H	  →	  ZZ	  →4l	  
§  Key	  channel	  
§  Sensitive	  to	  lepton	  

efficiency	  	  
§  H	  →	  bb,	  ττ	  	  

§  Crucial	  to	  establishing	  
role	  in	  fermion	  masses	  	  	  

§  ZH	  →	  µµbb	  requires	  
§  High	  muon	  ID	  efficiency	  
§  High	  b-‐tagging	  efficiency	  
§  Good	  dijet	  mass	  

resolution	  
§  H	  →	  ττ (including	  VBF)	  

§  Improved	  	  
   MET	  resolution	  
   Forward	  jet	  tagging	  

capability	  
   Identification	  	  	  

Upgrade’s	  Impact	  on	  Higgs	  Physics	  

•  Improved	  mττ	  resolution	  
•  More	  good	  leptons	  	  
	  	  	  better	  tracking	  &	  isolation	  

Improved	  signal	  yield	  (relative	  to	  current	  detector):	  	  
shaded	  regions	  indicate	  cuts	  with	  biggest	  gains	  expected	  

ZH	  →	  µµbb	  

H	  →	  ZZ	  →4l	  

H	  →	  ττ	
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§  CMS	  is	  running	  well	  

§  Lot’s	  of	  physics	  results	  and	  many	  more	  to	  come!	  
§  Full	  2011+2012	  data	  set	  should	  be	  interesting…	  

§  Much	  more	  study	  planned	  	  
§  To	  understand	  potential	  for	  precision	  measurements	  of	  the	  new	  
boson	  	  

§  Lot’s	  to	  do	  for	  LS1	  and	  upgrades	  
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Conclusions	  


