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1. Introduction

The Compact Muon Solenoid (CMS) detector has been operating in the proton-proton colli-
sions at the Large Hadron Collider (LHC) since the end of 2009, initially at the center-of-mass
energy

√
s = 7 TeV, and then in 2012 — at

√
s = 8 TeV. The instantaneous luminosity was increas-

ing, reaching 7.5 ·1033 cm−2 s−1 in 2012, already close to the design value of 1034 cm−2 s−1.
The CMS physics program contains tests of the Standard Model (SM) in various fields (elec-

troweak, top, QCD, etc.) and searches for New physics beyond SM (BSM) predicted by different
models [1]. A special attention is paid to the only missing fundamental particle in SM — the Higgs
boson, solving the mystery of introducing finite masses of the fundamental elementary particles in
a renormalizable way [2, 3]. There is also a program of studies of heavy-ion physics in lead-lead
and proton-lead collisions at the unprecedented energy leading to more distinctive signals of hot
and dense medium production.

An integrated recorded luminosity around 22 fb−1 was obtained in the 2012 run and around
5.5 fb−1 in the 2011 run [4], due to the excellent performance of LHC and CMS. This enables CMS
to study the electroweak physics and search for new physics with large statistics (using millions of
Z and W vector bosons, and an opportunity to explore the regions of high invariant dilepton masses
up to 2–3 TeV), top physics (using thousands of tt̄ pairs, studying also the single top production at
several percent level), effect of jets up to pjet

T = 2 TeV, dijets up to mjet = 5 TeV.
In the search for Higgs boson, several channels reached the sensitivity of the SM, including

also high-resolution channels H → γγ and H → ZZ∗→ 4`. The hot results were reported on July 4,
2012 at a dedicated scientific seminar at CERN by CMS and ATLAS collaborations, presenting the
evidence of a new boson with a mass around 125 GeV [5, 6].

In this report, section 2 briefly introduces the CMS detector, section 3 is devoted to SM
physics, section 4 describes the results of Higgs boson searches, section 5 – searches for new
physics, section 6 – heavy ion physics, conclusions are given at the end.

2. CMS Detector

The (CMS Compact Muon Solenoid) detector is one of the two general purpose detectors
located at the LHC (see Fig. 1). The central feature of the CMS detector is a superconducting
solenoid providing an axial magnetic field of 3.8 T and enclosing the all-silicon inner tracker,
the crystal electromagnetic calorimeter (ECAL), and the brass-scintillator hadronic calorimeter
(HCAL). The inner tracker is composed of a pixel detector and a silicon strip tracker, and measures
charged-particle trajectories in the pseudorapidity range |η | < 2.5. The finely segmented ECAL
consists of nearly 76 000 lead-tungstate crystals which provide coverage in pseudorapidity up to
|η |= 3.0. The muon system covers the pseudorapidity region |η |< 2.4 and consists of up to four
stations of gas-ionization muon detectors installed outside the solenoid and sandwiched between
the layers of the steel return yoke. More details on the CMS detector and its performance can be
found in papers [7, 8].
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3. Standard Model

The measurements of electroweak, top, QCD, etc. processes are necessary for testing SM itself
and making its phenomenological aspects more precise (e.g. parton distribution functions) enabling
more accurate predictions.

3.1 Electroweak physics

One of the first studies in the field of the electroweak physics is the measurement of the
inclusive W and Z boson cross sections. This study was started in 2010 at

√
s = 7 TeV using

both electron and muon final states [9], in 2012 first results for
√

s = 8 TeV were reported in
[10] for the integrated luminosity of 18.7± 0.9pb−1 yielding the measured inclusive cross sec-
tions of σ(pp → WX)×Br(W → `ν) = 11.88± 0.03 (stat.)± 0.22 (syst.)± 0.52 (lumi.) nb and
σ(pp → ZX)×Br(Z → `+`−) = 1.12± 0.01 (stat.)± 0.02 (syst.)± 0.05 (lumi.) nb, limited to
a dilepton mass range of 60 to 120 GeV. The measured values are consistent within the elec-
tron and muon channels, and agree with the next-to-next-to-leading order (NNLO) QCD calcula-
tions [11, 12].

Other studies of electroweak physics at CMS included measurements of differential cross
sections of Z/γ∗ production on transverse momentum pT , rapidity, as well as the differential
Drell-Yan cross section dσ/dM in the dimuon and dielectron channels shown in Fig. 2, and the
double-differential cross section d2σ/dMdY in the dimuon channel, using the full 2011 dataset
at
√

s = 7 TeV [13, 14]. In general, the results are in a good agreement with the NNLO theoret-
ical predictions which are required for a correct description of the dσ/dM results at low dimuon

Figure 1: CMS detector scheme.

3



P
o
S
(
B
a
l
d
i
n
 
I
S
H
E
P
P
 
X
X
I
)
0
0
2

Overview of the recent CMS Results Alexander V. Lanyov

)  [GeV]µµM(

 ]
-1

) [
G

eV
µµ

/d
M

(
σ

 d Zσ
1/

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

 in 2011)-1, 4.5 fbµ Data (

 NNLO, FEWZ+MSTW08

CMS Preliminary

 = 7 TeVs at -14.5 fb

µµ →*/Z γ

)  [GeV]µµM(

da
ta

/th
eo

ry

0.5

1

1.5

15 30 60 120 240 600 1500

M(ee)  [GeV]

 ]
-1

/d
M

(e
e)

 [G
eV

σ
 d Zσ

1/

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

 in 2011)-1 Data (e, 4.5 fb

 NNLO, FEWZ+MSTW08

CMS Preliminary

 = 7 TeVs at -14.5 fb

 ee→*/Z γ

M(ee)  [GeV]

 ]
-1

/d
M

(e
e)

 [G
eV

σ
 d Zσ

1/

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

M(ee)  [GeV]

da
ta

/th
eo

ry

0.5

1

1.5

15 30 60 120 240 600 1500
M(ee)  [GeV]

da
ta

/th
eo

ry

0.5

1

1.5

Figure 2: The Drell-Yan invariant mass spectrum, normalized to the Z resonance region, r =
(1/σll dσ/dM), as measured by CMS and predicted by NNLO calculations, for the full phase space. The
vertical error bar indicates the experimental (statistical and systematic) uncertainties summed in quadrature
with the theory uncertainty resulting from the model-dependent kinematic distributions inside each bin in
the dimuon (left) and the dielectron channels (right).

invariant masses, also extending our knowledge of the partonic contents of the proton. Forward-
backward asymmetry of Drell-Yan pair production and Weinberg weak mixing angle sin2

W have
been measured to be consistent with SM model predictions [15,16]. Diboson production cross sec-
tion has been measured in WW [17] and ZZ [18] channels at

√
s = 8 TeV, and at

√
s = 7 TeV [19].

The general summary of the main electroweak physics measurements by CMS is shown in
Fig. 3 using the results published in [9, 10, 17–24]. No deviations of the measured values from SM
predictions have been found.

3.2 Top quark physics

CMS recently presented the results for the top quark mass with a dataset up to 5 fb−1 at
√

s =
7 TeV mt = 173.36± 0.38(stat)± 0.91(syst) GeV, using the combination of lepton+jets, dilepton
and all-jets channels, the result of the µ + jet channel dominates [25].

The cross section of tt̄ production was measured by CMS at
√

s = 7 TeV to be σtt̄ = 165.8±
2.2 (stat)± 10.6 (syst)± 7.8 (lumi) pb [26] in a good agreement with the SM prediction of σtt̄ =
167+17

−18 pb [27]. Since tt̄ cross section is related to the strong coupling constant αs with approximate
NNLO QCD predictions, this allowed to determine αs(MZ) = 0.1178+0.0046

−0.0040 from tt̄ events at CMS
[28]. This value of αs is in a good agreement with the current world average, its precision is similar
to the most precise hadron collider measurements. For this analysis top quark mass value from
the world average mt = 173.2± 1.4 GeV was used. Measurements at

√
s = 8 TeV with 2.4 fb−1

produced the value σtt̄ = 227± 3 (stat)± 11 (syst)± 10 (lumi) pb [29] in a good agreement with
the SM prediction of σtt̄ = 225.2±0.11 pb at NLO.

Single top production at a hadron collider is described by several types of Feynman diagrams
shown in Fig. 4, the cross sections have been measured by CMS for different channels: t-channel
— σt = 80.1± 5.7± 11.0± 4.0 pb using 5.0 fb−1 at 8 TeV [30], and at 7 TeV: t-channel —
σt = 67.2±6.1 pb using 1.17–1.56 fb−1 [31], tW -channel — σtW = 16+5

−4 pb using 4.9 fb−1 [32].
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Figure 3: Summary of the main electroweak physics results at CMS.

The work is also going on measuring s-channel where the theoretical prediction is the smallest
one: σ

SM,7TeV
s = 4.63± 0.070.18

−0.17 pb [33], for other channels the measurements agree with the
theoretical predictions σ

SM,8TeV
t = 87.2+2.1

−0.7
+1.5
−1.7 pb [34], σ

SM,7TeV
t = 64.6+2.7

−2.8 pb [35], σ
SM,7TeV
tW =

15.6± 0.4+1.0
−1.2 pb [36]. CMS has also measured the differential cross section of the top quark

production on the mass, rapidity and transverse momentum of the top-antitop system [37], as well
as it has performed the first measurement of the cross section of the associative production of tt̄
pair with vector bosons [38].

Figure 4: Leading order Feynman diagrams for single top production in the t-channel (the first and second
plots), tW -channel (the third and fourth plots), and s-channel (the fifth plot).

The top and anti-top quarks are unpolarized in tt̄ pair production — the top quark polarization
was measured to be Pn =−0.009±0.029±0.041 [39] in a good agreement with SM. However, the
quarks in tt̄ pairs are correlated due to the production process. Spin correlations can be measured
from a fit to the angular distribution between leptons in the dilepton events, the resulting helic-
ity asymmetry AHelicity = 0.24± 0.02 (stat)± 0.08 (syst) [40] is compatible with SM prediction
ASM

Helicity = 0.31.

3.3 QCD physics

At the start of 2009 and 2010 runs the multiplicities of charged hadrons have been measured

5
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Figure 6: Double differential cross section of inclusive jets (the left plot) and dijets (the right plot), the fit
of experimental data by different experiments (the middle plot).

at
√

s = 0.9,2.36,7 TeV [41, 42], see Fig. 5. Studies of jets included measurement of the inclusive
jet cross sections [43] giving results in a good agreement with NLO QCD until pjet

T ≈ 2 TeV, see
Fig. 6 (left plot). The results are used in general fits of collider data by fastNLO collaboration [44],
see Fig. 6 (middle plot). Dijet studies included measurement of differential dijet cross sections up
to invariant dijet mass of 5 TeV [43] (see Fig. 6 the right plot), angular distributions allowed to
put limits for quark compositeness Λ± = 5.6−6.7 TeV [45]. Results for the ratio of the inclusive
3-jet to 2-jet cross sections are in a good agreement with SM for all values of the total transverse
momentum HT between 0.5 and 2.5 TeV, extending to the HT range that has not been explored
before [46].

QCD event shapes provide information about the properties of hadronic final states, sensitive
to QCD radiation and gluon emission changing the shape of the energy flow. In the CMS analysis
[47], the event-shape variables were used in analogy to the ones applied at lepton colliders [48,
49]. Dijet azimuthal decorrelations were also studied [50] comparing the differential dijet cross
section vs the azimuthal separation ∆φ between the two leading jets with the pQCD predictions at
leading and next-to-leading orders, as well as predictions of various Monte Carlo generators. These
measurements provide input to improve currently available models of QCD multijet production.
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4. Search for Higgs boson

The Standard Model is based on the mechanism of spontaneous symmetry breaking by intro-
ducing a scalar field with a non-zero mean value, leading to existence of a Higgs boson [51–56].
In the beginning of 2000s’ the LEP experiments excluded Higgs masses less than 114.4 GeV [57].
The fit of the precision electroweak measurements gave a prediction of mH = 99+28

−23 GeV [58].
Using the 2011 data collected at the LHC the CMS excluded the Higgs boson mass range 127.5–
600 GeV and gave an evidence of the peak at 125 GeV having a significance of 2.8 standard
deviation (σ ) [59,60]. In 2012 the Fermilab experiments reported an excess of their combined data
inconsistent with the background prediction at the level around 3 σ [61].

On July 4, 2012, a dedicated seminar was held in CERN where the CMS and ATLAS collab-
orations (each) reported ≈ 5σ observation of a new boson with a mass about 125 GeV consistent
with the SM Higgs boson. The following section describes the results reported by the CMS collab-
oration in the subsequent publication in the Physics Letters journal [5].

The search for Higgs boson was performed in five channels with the largest expected signif-
icance at the LHC: γγ , ZZ∗ → 4`, WW → lν lν , ττ , bb̄, the main characteristics of them can be
seen in Table 1. The first two channels provide the best significance and separation from the back-
ground due to a good mass resolution of 1–2%, the other channels have the largest production cross
sections. The used data are up to 5.1 fb−1 at

√
s = 7 TeV and 5.3 fb−1 at

√
s = 8 TeV.

Decay Production No. of mH range Int. Lum. (fb−1)
mode tagging subchannels (GeV) 7 TeV 8 TeV

γγ
untagged 4

110–150 5.1 5.3
dijet (VBF) 1 or 2

ZZ∗ untagged 3 110–600 5.1 5.3

WW
untagged 4

110–600 4.9 5.1
dijet (VBF) 1 or 2

ττ
untagged 16

110–145 4.9 5.1
dijet (VBF) 4

bb lepton, Emiss
T (VH) 10 110–135 5.0 5.1

Table 1: Summary of the subchannels, or categories, used in the analysis of each decay mode of Higgs
boson. (VBF is vector boson fusion, VH is associated vector production).

The search for γγ has used multivariate techniques to select and classify the events [62, 63].
As an independent cross-check, the analysis has also been performed that is almost identical to the
one described in the 2011 analysis paper [63], using simpler criteria based on the properties of the
reconstructed photons to select and classify events. The multivariate analysis has achieved the 15 %
higher sensitivity than the cross-check analysis. The weighted histogram of the mass spectrum is
shown in Fig. 7 (top left), the resulting p-value, a probability for a background fluctuation to be at
least as large as the observed maximum excess, is shown in Fig. 7 (top right), corresponding to a
significance of 4.1σ at 125 GeV. The signal strength, defined as the production cross section times
the relevant branching ratios relative to the SM expectation, is µ = σ/σSM = 1.6±0.4.
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Figure 7: The γγ (the top plots) and ZZ∗ channels (the bottom plots) in the search for the Higgs boson.

The search in ZZ∗ channels used three possible subchannels of dilepton decays of Z boson:
4µ , 2µ 2e and 4e. This is a clean channel where two high-mass pairs of opposite-sign isolated
muons or electrons coming from the primary vertex were required. The main backgrounds in-
cluded irreducible ZZ production [18] and reducible backgrounds: Z+jets, Zbb̄, tt̄, WZ production.
The resulting mass spectrum can be seen in Fig. 7 (bottom left) and the numerical statistics for the
channel can be seen in Table 2. The SM branching ratio of H → ZZ∗ is of the order of 10−3 at
125 GeV [64], therefore a specialized method utilizing the difference of matrix elements for the
SM Higgs boson and the background was used to enhance the analysis sensitivity: Matrix Element
Likelihood Approach (MELA) [65, 66]. Using all available five angles of four leptons (left plot in
Fig. 8) and the masses of both Z candidates, MZ1 and MZ2 , one can construct a kinematic discrimi-
nant KD = PSig/(PSig +PBkg) based on the probability ratio of the signal and background hypotheses

Channel 4e 4µ 2e2µ 4`

ZZ background 2.7 ± 0.3 5.7 ± 0.6 7.2 ± 0.8 15.6 ± 1.4
Z +X 1.2+1.1

−0.8 0.9+0.7
−0.6 2.3+1.8

−1.4 4.4+2.2
−1.7

All backgrounds (110 < m4` < 160 GeV) 4.0±1.0 6.6±0.9 9.7±1.8 20±3
Observed (110 < m4` < 160 GeV) 6 6 9 21

Signal (mH = 125 GeV) 1.36 ± 0.22 2.74 ± 0.32 3.44 ± 0.44 7.54 ± 0.78

All backgrounds (signal region) 0.7±0.2 1.3±0.1 1.9±0.3 3.8±0.5
Observed (signal region) 1 3 5 9

Table 2: Statistics of H → ZZ∗→ 4` subchannels.
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to increase the expected significance by 15–20%. The second and third plots of Fig. 8 show the 2D
distributions for the expected background and SM Higgs signal, respectively; one can see that the
experimental points are well described by the SM Higgs signal hypothesis, especially for the large
values of MELA discriminant KD. The resulting plot for p-value is shown in Fig. 7 (bottom right)
corresponding to a significance of 3.1σ . The resulting signal strength is µ = σ/σSM = 0.7+0.4

−0.3.
The 95% confidence level (C.L.) limits as a function of mass for the other three channels

are given in Fig. 9. The combination of all five channels yielded a local significance of 5.0σ ,
see Table 3 and Fig. 10. The signal strength (ratio of the fitted cross section of the excess near
125 GeV to SM cross section) is consistent with the SM scalar boson expectation: σ/σSM =
0.87± 0.23. The signal strengths in 7 and 8 TeV data are consistent. Fig. 11 shows the signal
strengths per channels, the combined signal strength as a function of Higgs mass, and 2D plot
of signal strength vs mass. The measurement of the mass of the new boson yielded value of
MX = 125.3±0.4(stat.)±0.5(syst.) GeV, which is dominated by the γγ channel.

Decay mode/combination Expected (σ ) Observed (σ )

γγ 2.8 4.1
ZZ∗ 3.6 3.1
ττ + bb 2.4 0.4
γγ + ZZ∗ 4.7 5.0
γγ + ZZ∗ + WW 5.2 5.1
γγ + ZZ∗ + WW + ττ + bb 5.8 5.0

Table 3: Expected and observed significance values of the SM Higgs boson search for different channels
and their combinations.

First measurements of the scaling of vector vs fermion couplings of the new boson cV ≈ 1,
cF ≈ 0.5 are consistent with the SM Higgs boson hypothesis. The detailed study of the boson
couplings will continue as the data are accumulated in the future [67].
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The analysis presented in [5] is based on the statistics of 10.4 fb−1 which was insufficient to
determine the CP and spin properties of the new boson (SM requires JPC = 0++ state). It is only
known that spin 1 is excluded due to Landau-Yang theorem [68, 69].1 The projections based on
Monte Carlo simulation [66,70] have indicated that 25–30 fb−1 data expected to be collected by the
end of 2012 data taking at CMS (including the data collected in 2011) could yield measurements
of these properties.2 A new era starts to measure the new boson properties, including also spin
and parity determination. The collection of future data will enable a more rigorous test of the
properties of the new boson and an investigation whether the properties of the new particle imply
physics beyond SM.

5. Search for New Physics

The search for new physics at CMS is performed in various channels for different theoretical
models predicting deviations from SM. One of the important directions is the search for narrow
resonances, in particular, in the dilepton channels (the dimuon and dielectron ones). Many models
of new physics predict the existence of narrow resonances at the TeV mass scale decaying to a
pair of charged leptons [73, 74] and exotic hadron states [75], in particular, Sequential Standard
Model Z′SSM with SM-like couplings, the Z′ψ predicted by grand unified theories [73], and Kaluza–
Klein graviton excitations arising in the Randall–Sundrum (RS) model of possible warped extra
dimension scenario with one extra spatial dimension [76, 77]. The recent measurement by CMS
used the data at

√
s = 8 TeV and integrated luminosities up to 4.1 fb−1 in both the dimuon and

dielectron channels [78, 79]. The previous best direct limits on the Z′SSM and Z′ψ masses obtained
at
√

s = 7 TeV were 2330 GeV and 2000 GeV, respectively [80]. The search for resonances is
based on a shape analysis of dilepton mass spectra in order to be robust against uncertainties in the
absolute background level. The spectra are consistent with expectations from SM and the upper
limits have been determined on the product of the cross section and branching fraction for Z′ into
lepton pairs relative to the SM Z boson production. The obtained upper limits on the cross section
ratio

Rσ =
σ(pp→ Z′+X → ``+X)
σ(pp→ Z +X → ``+X)

at 95% C.L. are shown in Fig. 12 (top plots) both for the dilepton channels and their combina-
tion. The following 95% C.L. lower limits on the mass of Z′ resonances are obtained using the
combinations of data obtained at

√
s = 7 and 8 TeV: 2590 GeV for Z′SSM and 2270 GeV for Z′ψ .

RS Kaluza-Klein gravitons are excluded below 2390 (2030) GeV for coupling k/MPl =0.10 (0.05),
where k is the curvature of the extra dimension and MPl is the reduced effective Planck scale. With
new LHC data CMS will be able to extend the mass range for these analyses well beyond the
present highest points.

1However, hypothetically signal in γγ channel could arise from H → aa, where pseudoscalar state a having a mass
of the order of tens of MeV could decay to γγ , so the photons could be highly collimated and may be identified as a
single photon in the electromagnetic calorimeter [71].

2Please see the CMS talk at HCP’2012 conference in November 2012 for a recent update for the parity measurement
of the new boson [72].
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Figure 12: Obtained limits in the search for new physics: In the top row — 95% C.L. limits for the product
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boson, and minimum masses of black holes as a function of the reduced Planck scale.

Similarly, CMS performed searches in other Z′ channels: τ-lepton pair ττ [81], dibosons
ZZ [82], tt̄ pair [83], anomalous production of highly boosted Z bosons decaying to dimuons [63];
and W ′ channels: semileptonic lν [84], diboson WZ [85] and heavy quarks bt [86].

Besides, narrow resonances in the dijet channel have been studied and the upper limits at
the 95% C.L. on the resonance cross section have been determined (Fig. 12 bottom left plot). By
comparing these generic limits with theoretical predictions for the cross section of several models of
new particles, CMS sets specific lower limits on the mass of string resonances, excited quarks, axi-
gluons, colorons, s8 resonances, E6 diquarks, W ′ and Z′ bosons, and RS gravitons in the 1–4.7 TeV
range, many of which extend previous exclusions from the dijet mass search technique [87–89].

CMS has performed a search for signals from the production of right-handed WR bosons and
heavy neutrinos N` (` = e,µ), that arise naturally in the left-right symmetric extension to SM [90],
no excess over expectations from SM processes was observed [91]. For models with an exact left-
right symmetry, and assuming that either Ne or Nµ is the only right-handed neutrino accessible at
LHC energies, CMS excluded the region in the two-dimensional parameter (MWR ,MN`

) space that
extends beyond MWR = 2.5 TeV. Assuming degenerate neutrino masses for all neutrino flavors, and
combining the 8 TeV electron and muon channel results, exclusion in the (MWR ,MN`

) mass plane
extending to MWR = 2.8 TeV was obtained (Fig. 12 bottom middle plot). Combining the 7 and
8 TeV data for the muon channel only, and assuming that Nµ is light enough to be produced at the
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LHC, CMS excluded right-handed WR boson up to mass MWR = 2.9 TeV.
One of the most spectacular predictions of theories with the low-scale quantum gravity is an

opportunity of microscopic black hole production in proton-proton collisions at the LHC ener-
gies [92,93]. Such models are motivated mainly by the puzzling large difference between the elec-
troweak scale (∼ 0.1 TeV) and the Planck scale (MPl ∼ 1016 TeV), known as the hierarchy problem.
CMS has released a new analysis at

√
s = 8 TeV with 3.7 fb−1 [94] to search for the black hole pro-

duction in a model with n large, flat, extra spatial dimensions (ADD model) [95, 96]. Events with
the large total transverse energy have been analyzed for the presence of multiple energetic jets, lep-
tons, and photons, which are typical signals of evaporating semiclassical and quantum black holes,
and string balls. Agreement with the expected SM backgrounds, which are dominated by QCD
multijet production, has been observed for various combined multiplicities of jets and other recon-
structed objects in the final state. Model-independent limits have been determined on new physics
processes producing high-multiplicity, energetic final states. In addition, new model-specific in-
dicative limits have been also found excluding semiclassical black holes with masses below 4.1
to 6.1 TeV, see Fig. 12 (bottom right) for the minimum black hole mass excluded at 95% C.L. as
function of the reduced Planck scale for various BlackMax black hole models without the stable
remnant and a number of extra dimensions of n = 2,4,6 [97]. The analysis benefits substantially
from the increased sensitivity at the higher collision energy compared to the searches at

√
s = 7 TeV

published previously by CMS [98, 99]. The results of the analysis could be also suitable for other
models in which heavy objects appear and decay to final states with a large scalar sum of objects’
transverse energies of the order of several TeV.

Many other searches for deviations from SM were carried out in CMS, see Fig. 13 for the
graphical summary [100]. CMS also performed searches for supersymmetry producing improved
limits for cross sections and masses. Fig. 14 (the left plot) displays the best exclusion limits for
the masses of the primary supersymmetric particles from several CMS supersymmetry searches
at
√

s = 7 TeV in a Simplified Model Spectra framework, for different topologies defined in [101].
Two scenarios are used: a small mass ≈ 0 GeV of the lightest supersymmetric particle (LSP),
as well as the fixed splitting of 200 GeV between the primary particles and LSP. Fig. 14 (the
right plot) shows the observed limits from several CMS supersymmetry searches at

√
s = 7 TeV in

the Constrained Minimal Supersymmetric Standard Model (CMSSM) plotted in (m0,m1/2) plane,
where m0 is the common mass of all scalar particles and m1/2 — the common gaugino mass [102].

6. Heavy ion physics

CMS has a vast research program in the heavy ion physics [103]. The data with PbPb collisions
were obtained at the nucleon-nucleon center-of-mass energy

√
sNN = 2.76 TeV with the integrated

luminosity of 10 and 155 µb−1 in 2010 and 2011, respectively. The very start of the data taking
has shown a strong typical imbalance in the transverse momentum of the leading and subleading
jets in the central PbPb collisions [104], see the left plot in Fig. 15. This is consistent with a high
degree of jet quenching in the produced matter. A large fraction of the momentum balance of
these unbalanced jets is carried by low-pT particles at a large radial distance. The results provide
qualitative constraints on the nature of the jet modification in PbPb collisions and quantitative input
to models of the transport properties of the medium produced in these collisions.
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Figure 13: Summary of 95% C.L. limits for masses in the New Physics physics searches at CMS.
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In September 2012 a short run of proton-lead collisions was performed at the LHC with the
proton-nucleon center-of-mass energy of

√
sNN = 5.02 TeV and the integrated luminosity of 1 µb.

In high-multiplicity events, a long-range (2 < |∆η | < 4), near-side (∆φ ≈ 0) structure emerges
in the two-particle ∆η −∆φ correlation functions [105], see Fig. 16 (top plots). This is the first
observation of such correlations in proton-nucleus collisions, resembling the ridge-like correlations
seen in high-multiplicity pp collisions at

√
s = 7 TeV [106] (Fig. 16 bottom plots) and in heavy ion

collisions over a broad range of center-of-mass energies [107]. The correlation demonstrates a
pronounced maximum in the range of pT = 1− 1.5 GeV and an approximately linear increase
with the charged particle multiplicity for high-multiplicity events. The observations at pp and pPb
collisions are qualitatively similar when selecting the same observed particle multiplicity, while the
overall strength of the correlations is significantly larger in pPb collisions.

The heavy-ion results also included an observation of sequential suppression of higher Upsilon
resonances ϒ(2S), ϒ(3S) [108, 109] compared to pp collisions (see last two plots in Fig. 15), the
study of high-pT charged particle suppression compared to pp collisions [110], suppression of
non-prompt J/ψ , prompt J/ψ , and Y (1S) [111], Z boson production [112].

7. Conclusions

Excellent performance of LHC and CMS has provided a large dataset of pp collisions, 5 fb−1

at
√

s = 7 TeV and more than 20 fb−1 at
√

s = 8 TeV. In the search for the SM Higgs boson, a new
boson with a mass around 125 GeV has been found in the analysis of several channels. Its prop-
erties are compatible with the properties of the SM Higgs boson within the present experimental
uncertainties. The studies of the processes in the Standard Model and searches for new physics be-
yond the Standard Model have been performed. The electroweak results on Z/γ∗ and W differential
distributions on the mass, transverse momentum, rapidity are used for parton distribution functions
and studies of theoretical higher-order calculations. In the search for new physics the experiment
has managed, in particular, to exclude new particles in the 2-3 TeV range in the dilepton channels
and 5 TeV for dijets, allowing to go beyond the previous studies. By now, CMS has published
around 200 papers in scientific journals [113], this number continues to grow.

Further efforts should increase the precision of measurements and give the answers for some
burning questions from the theory side: whether supersymmetry exists or it can eventually be ruled
out for the energies of LHC, whether extra dimensions can be found and the branching ratios of the
rare decays correspond to the Standard Model predictions, etc. The analysis of the whole dataset
taken in 2012, and the planned transition to the full design LHC center-of-mass energy of 13–
14 TeV can provide answers to, at least, some of these questions, and there is also a chance to
discover new unexplained features of high-energy physics, not yet predicted by the theory, as we
have already seen in the past.
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