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A measurement of the H — rt signal strength is performed using events recorded in proton-proton
collisions by the CMS experiment at the LHC in 2016 at a center-of-mass energy of 13 TeV. The
data set corresponds to an integrated luminosity of 359 fb~!. The H — rr signal is established
with a significance of 4.9 standard deviations, to be compared to an expected significance of 4.7
standard deviations. The best fit of the product of the observed H — rr signal production cross section
and branching fraction is l.ﬂafﬂﬁg times the standard model expectation. The combination with the
corresponding measurement performed with data collected by the CMS experiment at center-of-mass
energies of 7 and 8 TeV leads to an observed significance of 5.9 standard deviations, equal to the expected
significance. This is the first observation of Higgs boson decays to t leptons by a single experiment.
@© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP-.
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Fig. 18. Distribution of the decimal logarithm of the ratio between the expected
signal and the sum of expected signal and expected background in each bin of the
mass distributions used to extract the results, in all signal regions. The background
contributions are separated by decay channel. The inset shows the corresponding
difference between the observed data and expected background distributions di-
vided by the background expectation, as well as the signal expectation divided by
the background expectation.

A measurement of the H — 11 signal strength, using events
recorded in proton-proton collisions by the CMS experiment at the
LHC in 2016 at a center-of-mass energy of 13 TeV, has been pre-
sented. Event categories are designed to target Higgs boson signal
events produced by gluon or vector boson fusion. The results are
extracted via maximum likelihood fits in two-dimensional planes,
and give an observed significance for Higgs boson decays to 1
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Fig. 20. Local p-value and significance as a function of the SM Higes boson mass hy-
pothesis. The observation (red, solid) is compared to the expectation (blue, dashed)
for a Higes boson with a mass my = 125.09 GeV. The background includes Higgs

boson decays to pairs of W bosons, with my = 125.09 GeV.

lepton pairs of 4.9 standard deviations, to be compared with an
expected significance of 4.7 standard deviations. The combination
with the corresponding measurement performed at center-of-mass
energies of 7 and 8 TeV with the CMS detector leads to the first
observation by a single experiment of decays of the Higgs boson to
pairs of T leptons, with a significance of 5.9 standard deviations.
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Observation of #H Production . .‘
b-jet

A. M. Sirunyan ef al.”
(CMS Collaboration)

The observation of Higgs boson production in association with a top quark-antiquark pair is reported,
based on a combined analysis of proton-proton collision data at center-of-mass energies of /s = 7,8,and ~ #
13 TeV, comesponding to integrated luminosities of up to 5.1, 19.7, and 35.9 fb™!, respectively. The data #*
were collected with the CMS detector at the CERN LHC. The results of statistically independent searches ’
for Higgs bosons produced in conjunction with a top quark-antiquark pair and decaying to pairs of
W bosons, Z bosons, photons, 7 leptons, or bottom quark jets are combined to maximize sensitivity. An
excess of events is observed, with a significance of 5.2 standard deviations, over the expectation from the
background-only hypothesis. The corresponding expected significance from the standard model for a
Higgs boson mass of 125.09 GeV is 4.2 standard deviations. The combined best fit signal strength

normalized to the standard model prediction is 1.26";.
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b-jet

A. M. Sirunyan ef al.”
(CMS Collaboration)

The observation of Higgs boson production in association with a top quark-antiquark pair is reported,
based on a combined analysis of proton-proton collision data at center-of-mass energies of /s = 7,8,and ~ #
13 TeV, comesponding to integrated luminosities of up to 5.1, 19.7, and 35.9 fb™!, respectively. The data #*
were collected with the CMS detector at the CERN LHC. The results of statistically independent searches ’
for Higgs bosons produced in conjunction with a top quark-antiquark pair and decaying to pairs of
W bosons, Z bosons, photons, 7 leptons, or bottom quark jets are combined to maximize sensitivity. An
excess of events is observed, with a significance of 5.2 standard deviations, over the expectation from the
background-only hypothesis. The corresponding expected significance from the standard model for a
Higgs boson mass of 125.09 GeV is 4.2 standard deviations. The combined best fit signal strength

normalized to the standard model prediction is 1.26";.
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FIG. 1. Example tree-level Feynman diagrams for the pp —
1itH production process, with g a gluon, ¢ a quark, ¢ a top quark,
and H a Higgs boson. For the present study, we consider Higgs

boson decays to a pair of W bosons, Z bosons, photons, 7 leptons,
or bottom quark jets.
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FIG. 2. Best fit value of the rrH signal strength modifier y ;.
with its 1 and 2 standard deviation confidence intervals (&), for
(upper section) the five individual decay channels considered,
(middle section) the combined result for 7 + 8 TeV alone and for
13 TeV alone, and (lower section) the overall combined result.
The Higgs boson mass is taken to be 125.09 GeV. For the
H — Z7" decay mode, p;y is constrained to be positive to
prevent the corresponding event yield from becoming negative.
The SM expectation is shown as a dashed vertical line.




q
FIG. 1. Example tree-level Feynman diagrams for the pp —
1itH production process, with g a gluon, ¢ a quark, ¢ a top quark,
and H a Higgs boson. For the present study, we consider Higgs

boson decays to a pair of W bosons, Z bosons, photons, 7 leptons,
or bottom quark jets.

511" (7 TeV) + 10710 (8 TeV) + 35.9 10" (13 TeV)
» (Observed
m— + 7 (stat & sysi)

— 10 (syst)
—— +20 (stat @ syst)

fEHWW?)

Hzz) | s

ttH(yy)

fiH(T*1)

ftH{bb)

7+8 TeV

13 TeV

Combined

-1 0 1 2 “3 4 5 6 7
ttH

FIG. 2. Best fit value of the rrH signal strength modifier y ;.
with its 1 and 2 standard deviation confidence intervals (&), for
(upper section) the five individual decay channels considered,
(middle section) the combined result for 7 + 8 TeV alone and for
13 TeV alone, and (lower section) the overall combined result.
The Higgs boson mass is taken to be 125.09 GeV. For the
H — Z7" decay mode, p;y is constrained to be positive to
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The SM expectation is shown as a dashed vertical line.




Evidence for associated production of a Higgs boson

with a top quark pair in final states with electrons,

muons, and hadronically decaying T leptons at

V5 = 13 TeV

Jedna z trzech publikacji wspierajgcych.

Combined

11+ 27
p=-152°"7
2Iss
p=1.61"2%
2lss + 1t
=094
3l

3l + 1,
n=1.34"12
al

CMS

35.9 fb (13 TeV)

-0.43

w=1.23 *045 [ haslstat) 2 (syst)

+0.37 i|

-3 —2 -1 0 1 2 3

Best fit u(ttH)

Figure 1. An example of a Feynman diagram for ttH production, with subsequent decay of the

Higgs boson to a pair of 7 leptons, producing a final state with two same-sign leptons and one

reconstructed hadronic 7 lepton decay ().
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FIG. 3. Distribution of events as a function of the decimal
logarithm of S/B, where § and B are the expected postfit signal
(with ;5 = 1) and background yields, respectively, in each bin
of the distributions considered in this combination. The shaded
histogram shows the expected background distribution. The two
hatched histograms, each stacked on top of the background
histogram, show the signal expectation for the SM (u;;, = 1) and
the observed (u;y = 1.26) signal strengths. The lower panel
shows the ratios of the expected signal and observed results
relative to the expected background.
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FIG. 4. Test statistic g, described in the text, as a function of
pgp for all decay modes at 7+ 8 TeV and at 13 TeV, separately,
and for all decay modes at all c.m. energies. The expected SM
result for the overall combination is also shown. The horizontal
dashed lines indicate the p values for the background-only
hypothesis obtained from the asymptotic distribution of g,
expressed in units of the number of standard deviations.

In summary, we have reported the observation of f1H
production with a significance of 5.2 standard deviations
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Apstract: The algorithm developed by the CMS Collaboration to reconstruct and identify =
leptons produced in proton-proton collisions at v/s = 7 and 8 TeV. via their decays to hadrons
and a neutrino, has been significantly improved. The changes include a revised reconstruction
of " candidates, and improvements in multivariate discriminants to separate = leptons from jets
and electrons. The algorithm is extended to reconstruct T leptons in highly Lorentz-boosted pair
production, and in the high-level trigger. The performance of the algorithm is studied using proton-
proton collisions recorded during 2016 at +/s = 13 TeV, corresponding to an integrated luminosity
of 35.9 fb~!. The performance is evaluated in terms of the efficiency for a genuine 7 lepton to pass
the identification criteria and of the probabilities for jets, electrons, and muons to be misidentified
as 7 leptons. The results are found to be very close to those expected from Monte Carlo simulation.



Zestaw wybranych publikacji CMS z 2018 roku

[1] Observation of the Higgs boson decay to a pair of T leptons, PLB 779 (2018) 283
[2] Measurement of the Z/y=—TT cross section in pp collisions at Vs= 13 TeV
and validation of 1 lepton analysis techniques, EPJC 78 (2018) 708 (wsparcie m.in. dla [1])
[3] Perforrmance of reconstruction and identification of r leptons decaying to hacrons
and vt in pp collisions at Vs= 13 TeV, JINST 13 (2018) P10005 (wsparcie m.in. dla [1,2,6,9])
[4] Observation of Higgs boson decay to bottom quarks, PRL 121 (2018) 121801
(Sprzezenie do kwarkow b do kompletu gtéwnych osiggnie¢ podgrupy ,,Higgsowej")
[5] Evidence for the Higgs boson decay to a bottom quark-antiquark pair, PLB 780 (2018) 501
(wsparcie dla [4])
[6] Observation of tt H production, PRL 120 (2018) 231801
(publikacja oparta na analizach [7-9] oraz publikacjach opartych na danych 7 oraz 8 TeV)
[7] Search for tt H production in the H—bb decay channel with leptonic tt decays
in proton-proton collisions at Vs= 13 TeV, Submitted to JHEP (jedna z analiz z [6])
[8] Search for tt H production in the all-jet final state in proton-proton collisions at Vs=13 TeV,
JHEP 06 (2018) 101 (jedna z analiz z [6])
[9] Evidence for associated production of a Higgs boson with a top quark pair in final states

with electrons, muons, and hadronically decaying T leptons at Vs=13 TeV, JHEP 08 (2018) 066
(jedna z analiz z [6])



