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ПИЯФ: физика @CMS  

ПИЯФ: основные направления в CMS

- асимптотические БФКЛ-эффекты в струйных процессах
- бозон Хиггса при больших рТ
- электрослабое образование резонансов (VBF)
- тяжелые резонансы в многоструйных событиях
- дифракционные процессы
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CMS: публикации
1.01.2010 - 24.12.2019

2019:     > 100 статей

RUN 2: > 370 статей

CMS:
968 статей по физике 
включая посланные в печать

№ 1000      2020?

>
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CMS: великолепный прибор!

Zeynep Demiragli

Object Reconstruction and Identification

23

Extremely well calibrated 
detector.

Excellent agreement in 
simulation and data.

electrons

muons
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CMS @LHC  

Основные задачи БАК:

- Проверка и уточнение Стандартной Модели

- Поиски Новой Физики за пределами Стандартной Модели
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Higgs boson coupling with SM bosons and fermions
ü̺ͩ oͮ͞͞ϡ ̜ΧϡΧΗ ͮΗ ϫ̺ͩ ð�

xȣ ʉǞƟ ðࡪ� ʉǞƟ oǩǊǊɻ ȝƟƁǞŒȣǩɻȝ ɠɫȴʻǩƌƟɻ
ȝŒɻɻƟɻ ʉȴ ŷȴɻȴȣɻ Œȣƌ ǇƟɫȝǩȴȣɻ
• oǩǊǊɻ ŷȴɻȴȣ ƌǩɻƁȴʻƟɫˈ ǩȣ ߿߾߽߿ ȴɠƟȣɻ Œ ʿǞȴȋƟ
ȣƟʿ ɻƟƁʉȴɫ ȴǇ ʉǞƟ �ŒǊɫŒȣǊǩŒȣ

• ĳʞȅŒʿŒ ƁȴʞɠȋǩȣǊɻ ȣȴʉ ɫƟɧʞǩɫƟƌ ŷˈ Dīð#
) Œƌ࢙ǞȴƁ ɻȴȋʞʉǩȴȣ ʉȴ ǊƟȣƟɫŒʉƟ ǇƟɫȝǩȴȣ ȝŒɻɻƟɻ

�Œǩȣ ɧʞƟɻʉǩȴȣɻ ʉȴ ŒȣɻʿƟɫ
• xɻ ʉǞƟ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ �ŒǊɫŒȣǊǩŒȣ ƁȴɫɫƟƁʉ ࡲ
• �ɫƟ ʉǞƟ ʻŒȋʞƟɻ ȴǇ ʉǞƟ ƁȴʞɠȋǩȣǊɻ Œɻ ɠɫƟƌǩƁʉƟƌ ǩȣ
ʉǞƟ ð� ࡲ

) #ɫȴŒƌ ɠɫȴǊɫŒȝȝƟ Œʉ ʉǞƟ �o+

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷ߿
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SM Higgs boson decay @LHC 

oͮ͞͞ϡ ̜ΧϡΧΗ ̭̺̤˺Сϡ

oǩǊǊɻ ŷȴɻȴȣ ŷɫŒȣƁǞǩȣǊ ɫŒʉǩȴɻ
üǞƟ oǩǊǊɻ ŷȴɻȴȣ ƁȴʞɠȋƟɻ ʉȴ ȝŒɻɻ

) �Œȣˈ ƌƟƁŒˈ ȝȴƌƟɻ ŒƁƁƟɻɻǩŷȋƟ Œʉ ʉǞƟ �o+
) ŶŶ̄ ȋŒɫǊƟɻʉ #æ ⇠ %ࠅࠂ
) +ȴʞɠȋǩȣǊ ʉȴ �� ȴɫ ǈǈ ʉǞɫȴʞǊǞ ȋȴȴɠɻ

m ! ŶŶ̄ Œȣƌ oǩǊǊɻ ŷȴɻȴȣ ƁȴʞɠȋǩȣǊɻ
• üȴʉŒȋ ʿǩƌʉǞ ȣȴʉ ƌǩɫƟƁʉȋˈ ȝƟŒɻʞɫŒŷȋƟ Œʉ ʉǞƟ �o+
) ´ȣȋˈ ƁȴʞɠȋǩȣǊ ɫŒʉǩȴɻ ʉɫʞȋˈ ȝȴƌƟȋ࢙

ǩȣƌƟɠƟȣƌƟȣʉ
• oˈɠȴʉǞƟɻǩɻ ȴǇ ð� ɻʉɫʞƁʉʞɫƟ ȴǇ ʉǞƟ ȋȴȴɠɻ Œȣƌ ȣȴ
#ð� ƌƟƁŒˈɻ

) ŶŶ̄ ȋŒɫǊƟɻʉ #æࡩ ƌɫǩʻƟɻ ʉȴʉŒȋ ʿǩƌʉǞࡪ ʉǞʞɻ ȝƟŒ࢙
ɻʞɫƟȝƟȣʉɻ ȴǇ ŒŷɻȴȋʞʉƟ ƁȴʞɠȋǩȣǊɻ

• xǇ #ð� ɠŒɫʉǩƁȋƟɻ ŒȋȋȴʿƟƌ ǩȣ ȋȴȴɠɻ Œȣƌ ƌƟƁŒˈɻ
) �ƟŒɻʞɫǩȣǊ m ! ŶŶ̄ ȋǩȝǩʉɻ #ð� ŷɫŒȣƁǞǩȣǊ

ǇɫŒƁʉǩȴȣ ŒȋȋȴʿƟƌ

´ŷɻƟɫʻƟƌ ƌƟƁŒˈɻࡩ ⇠ %߾ࠀ

5ȴȝǩȣŒȣʉ ŶŶ̄ ƌƟƁŒˈࡩ ⇠ %ࠅࠂ

ࡱ£ �ȴɫŒȣǊƟ ࢍ ��� ´ɫɻŒˈ ࢎ ࠃࠀࡷࠁ
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CMS: связь бозона Хиггса с тяжелыми фермионами
L1 hardware trigger
HLT software trigger

19

Higgs couplings to heavy fermions
HIG-18-016,
arXiv:1808.08242,
accepted PRL

Channel Date

H➔ττ May 2017

pp➔ttH Apr 2018

H➔bb, pp➔VH Aug 2018

Caterina Vernieri (FNAL) Higgs to beauty quarks - SLAC - August 14 2018 /37

 H(bb̄) at the LHC
Gluon Fusion (87%)

Vector-Boson Fusion (7%)

Higgs-strahlung (4%)

Top Fusion ttH (1%)

b

b̄

g
gOverwhelming (107 larger) background of b-quark 

production due to strong interactions

Very large background but a very distinctive topology  
ISR photon to enhance S/B [Nucl. Phys. B 781, 64 (2007), ATLAS-ArXiv:1807.08639 sub to PRD]

leptons, ETmis to trigger and high pT V suppress 
backgrounds   

dominant backgrounds is tt ̄+ jets

Most sensitive 
S/B worse than in Run-1
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Уточнение характеристик бозона Хиггса СМ

Полное сечение образования, измеренное в 
эксперименте CMS и вероятности каналов распада
H -> ZZ, WW, γγ, ττ, bb:

σH = 61.1± 6.0(stat) ± 3.7 (syst) pb PLB 972 (2019) 369

сила сигнала μ = 1.17± 0.10 Eur.Phys.J. C 79 (2019) 421

Cечение образования бозона Хиггса СМ
и вероятности его распадов

Eur. Phys. J. C (2019) 79 :421 Page 21 of 44 421

Parameter value
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5 3

|Zµλ|

|bZλ|

|Zτλ|

|Zγλ|
WZλ

tgλ

Zgλ

gZκ

CMS
 (13 TeV)-135.9 fb

Observed
 intervalσ1
 intervalσ2

Fig. 16 Summary of the model with coupling ratios and effective cou-
plings for the ggH and H → γ γ loops. The points indicate the best fit
values while the thick and thin horizontal bars show the 1σ and 2σ CL
intervals, respectively. For this model, both positive and negative values
of λWZ and λtg are considered

8.4 Fits of vector boson and fermion coupling modifiers

A more constrained version of the loop-resolved κ model is
defined by assuming a common scaling of all vector boson
and fermion couplings, respectively. Two models are defined:
one in which all signal processes are scaled according to
these two κV and κF parameters, and one in which separate
κ
f

V and κ
f

F parameters are defined for each of the five decay
processes. The best fit points and the 1σ and 2σ CL regions
in the κV-κF plane for both models are shown in Fig. 17, and
the results are summarized in Table 10. For large values of
κZZ

F the likelihood becomes essentially flat, resulting in the
best fit point for this parameter being beyond the scale of the
axis shown. The 1D 68% CL region for κZZ

F can be expressed
as [1.22,∞].

Vκ
0.5 1 1.5 2

Fκ

0.5

1

1.5

2

bb→H ττ→H

ZZ→H γγ→H

WW→H Combined

 regionσ1

 regionσ2

Best fit

SM expected

 (13 TeV)-135.9 fb

CMS

Fig. 17 The 1σ and 2σ CL regions in the κF vs. κV parameter space
for the model assuming a common scaling of all the vector boson and
fermion couplings

8.5 Benchmark models with resolved loops to test the
symmetry of fermion couplings

Several BSM models predict the existence of an extended
Higgs sector. In such scenarios, the couplings to up-and
down-type fermions, or to leptons and quarks, can be sepa-
rately modified. In order to probe such models, parametriza-
tions are introduced in which the couplings of the Higgs
boson to fermions are scaled either by separate common
modifiers for up-type (κu) and down-type (κd) fermions or
by separate common modifiers for quarks κq and leptons κl
(l = e, µ, τ ).

Figure 18 shows the results of the fits where the ratio of
the couplings to up- and down-type fermions λdu = κd/κu
is determined along with the ratio λVu = κV/κu and κuu =

Table 9 Best fit values and
±1σ uncertainties for the
parameters of the coupling
modifier ratio model. The
expected uncertainties are given
in brackets

Parameter Best fit Uncertainty Parameter Best fit Uncertainty

stat. syst. stat. syst.

κgZ 1.03 +0.09
−0.09

+0.07
−0.07

+0.05
−0.05 λγ Z 1.07 +0.12

−0.10
+0.10
−0.08

+0.06
−0.05

(+0.09
−0.09) (+0.07

−0.07) (+0.05
−0.05) (+0.11

−0.09) (+0.09
−0.08) (+0.05

−0.04)

λWZ −1.13 +0.10
−0.11

+0.08
−0.09

+0.06
−0.06 λbZ 1.17 +0.23

−0.20
+0.16
−0.14

+0.16
−0.14

(+0.11
−0.09) (+0.09

−0.08) (+0.06
−0.05) (+0.22

−0.19) (+0.16
−0.14) (+0.15

−0.13)

λtg 0.83 +0.14
−0.13

+0.08
−0.08

+0.11
−0.10 λτZ 1.02 +0.16

−0.15
+0.11
−0.10

+0.12
−0.11

(+0.17
−0.16) (+0.11

−0.11) (+0.12
−0.12) (+0.16

−0.14) (+0.11
−0.10) (+0.11

−0.10)

λZg 0.85 +0.14
−0.13

+0.10
−0.12

+0.09
−0.05 λµZ 0.81 +0.57

−0.81
+0.56
−0.82

+0.11
−0.00

(+0.17
−0.16) (+0.13

−0.13) (+0.11
−0.09) (+0.50

−1.01) (+0.49
−1.01) (+0.07

−0.07)

123

Улучшение точности почти в два раза

Согласие в пределах достигнутой точности с СМ 
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Уточнение массы бозона Хиггса в эксперименте CMS

На данный момент наиболее 
точное измерение массы бозона Хиггса < 0.1% ! 

CMS PAS-HIG-19-004 (2019)

H → γγ Run 1 + Run 2(2016)
H → 4 l

mH = 125.35 ± 0.12 (stat) ± 0.09 (sys) 

= 125.35 ± 0.15 
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Редкие распады в эксперименте CMS

Br (Bs
0->μμ) = [ 2.9 +0.07

-0.6 (exp) ± 0.2 (frag) ] х 10-9

Br (B0->μμ) < 3.6 х 10-10

CERN-EP-2019-215 (2019)
ArXiv: [hep-ex] 1910.12127

Нет отклонений от СМ в пределах ошибок 
(пока обработано менее половины данных) 
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Search for low-mass dilepton resonances - 2 
CMS: JHEP 05 (2019) 210 

ditau resonance 28 GeV

SR1 (+ 2.0 σ):
associated b-jet: central
additional jet: forward

SR2 (- 1.4 σ):
associated b-jet: central
additional jet: centralJ

H
E
P
0
5
(
2
0
1
9
)
2
1
0

A

g

g

b

τ+

τ−

b

g

X

B

q

b

X

b

τ−

τ+

q′

b

Figure 1. Feynman diagrams of (left) a low-mass pseudoscalar Higgs boson (A) produced in
association with bottom quarks, and (right) a bottom-like quark produced in t channel, which
decays into X and a bottom quark. The particle X decays into a τ-lepton pair.

are bounded below by our kinematic requirements, and above 70GeV by the background

of the Z boson mass peak.

The first model describes a low-mass pseudoscalar Higgs boson A, produced in as-

sociation with two bottom quarks (bbA), and decaying to a τ-lepton pair. This is one

of the preferred scenarios in the Two-Higgs-Doublet Models (2HDMs) [13–17]. Searches

for signatures of bbA or A pair production containing τ leptons in the final state have

been performed using pp collision data at a center-of-mass energy of 8TeV collected by

CMS [18, 19] and ATLAS [20], as well as with data at 13TeV by CMS [21, 22]. Other

searches by CMS and ATLAS for low-mass bosons exploit final states containing muons

and b quarks [23–25], but also electrons [26, 27] or photons [28]. For this model, we choose

events with a τ-lepton pair and a central jet that is consistent with the decay of a b hadron

(“b-tagged jet”). A Feynman diagram of this signal process at leading order (LO) is shown

in figure 1 (left panel).

The second model describes a low-mass boson X decaying to a τ-lepton pair in a process

where the X boson is created through the decay of a vector-like quark (VLQ) [29–32]. In the

scenario considered here, a heavy bottom-like quark B is produced in a t-channel process

in association with a light quark, where an X boson acts as the propagator. It then decays

via B → bX, so that the final state topology is qbX. The B is typically scattered in

the forward direction, and two categories of event selection are optimized to target this

signature. Both categories require a jet consistent with the decay of a b hadron, with one

category requiring an additional central jet with pseudorapidity |η| < 2.4, and one category

requiring an additional forward jet with |η| > 2.4. With this selection, the analysis provides

new sensitivity to vector-like quarks by targeting previously unexplored decays of heavy

bottom-like quarks. The Feynman diagram of this signal process that is dominant at LO

is also shown in figure 1 (right panel).

A number of other scenarios beyond the SM produce signatures similar to the two

models considered. For example, Hidden Valley models [33, 34] predict a spin-one resonance

decaying to lepton pairs; dark-force models [35] include the decay of a top quark to a bottom

– 2 –



Сессия Ученого Совета ОФВЭ НИЦ КИ - ПИЯФ, 25 декабря 2019 В. T. Ким             ПИЯФ @CMS 14

Search for low-mass dilepton resonances - 2 
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Figure 2. Upper row: the 12 < mµµ < 70GeV range in SR1 (left) and SR2 (right) in the 8TeV
analysis. Lower row: the 12 < mµµ < 70GeV range in SR1 (left) and SR2 (right) in the 13TeV
analysis. The results of an unbinned maximum likelihood fit for the signal-plus-background (solid
lines) and background-only (dashed lines) hypotheses are superimposed.

Event SR1 SR2

category Additional forward jet Additional central jet

mX (GeV) 28.4± 0.6 28.2± 0.7

Γµµ (GeV) 1.9±1.3 1.9±1.1

Table 2. The mass and width of the event excess obtained in the 8TeV analysis.

significance of the excess observed in SR2 at 8TeV is 2.9 s.d. The best fit values of the

hypothetical signal mass mX and its width Γµµ obtained from the fit to the 8TeV data are

listed in table 2.

The relative uncertainties in the muon pT scale (!0.2%) and in the dimuon mass resolu-

tion (!10%) have a negligible effect on the p-values, and the mass and width measurements.

– 8 –
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category Additional forward jet Additional central jet

mX (GeV) 28.4± 0.6 28.2± 0.7

Γµµ (GeV) 1.9±1.3 1.9±1.1

Table 2. The mass and width of the event excess obtained in the 8TeV analysis.

significance of the excess observed in SR2 at 8TeV is 2.9 s.d. The best fit values of the

hypothetical signal mass mX and its width Γµµ obtained from the fit to the 8TeV data are

listed in table 2.

The relative uncertainties in the muon pT scale (!0.2%) and in the dimuon mass resolu-

tion (!10%) have a negligible effect on the p-values, and the mass and width measurements.

– 8 –
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dimuon resonance 28 GeV

SR1:
associated b-jet: central
additional jet: forward

SR2:
associated b-jet: central
additional jet: central
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Search for low-mass dilepton resonances - 3 

J
H
E
P
1
1
(
2
0
1
8
)
1
6
1

√
s (TeV) 8 13

Event category SR1 SR2 SR1 SR2

Local significance (s.d.) 4.2 2.9 2.0 1.4 deficit

mX (GeV) 28.3± 0.4 27.2±0.6

Γµµ (GeV) 1.8±0.8 0.7±1.0

NS 22.0± 7.6 22.8± 9.5 14.5± 9.3 −14.9± 10.1

NS observed upper limit at 95% CL 40.4 44.7 36.9 32.2

NS expected upper limit at 95% CL 18.3 27.6 27.6 35.6

εreco 0.27± 0.01 0.28± 0.01

Integrated luminosity, L (fb−1) 19.7± 0.5 35.9± 0.9

σfid (fb) 4.1± 1.4 4.2± 1.7 1.4± 0.9 −1.5± 1.0

Observed upper limit at 95% CL (fb) 7.6 8.4 3.7 3.2

Expected upper limit at 95% CL (fb) 3.4 5.2 2.7 3.5

Table 3. The local significances, the mass and the width of the event excess, the measured fiducial
cross sections with ±1 s.d. uncertainties, and the 95% CL upper limits on those. The best fit NS

values for the two SRs and the 95% CL upper limits on those, the reconstruction efficiencies and
the integrated luminosities are also listed.

negligible compared to the statistical uncertainty. The values of the signal mass and the

width, and their associated uncertainties obtained from the combined fit to the 8TeV data

in the two SRs, are used in the fit of the 13TeV data, which is performed separately for

each SR.

Table 3 shows the local significances, the mass and the width of the event excess, the

measured fiducial cross sections with ±1 s.d. uncertainties, and the 95% CL upper limits

on those. The best fit NS values for the two SRs and the 95% CL upper limits on those,

the reconstruction efficiencies and the integrated luminosities are also listed.

Figure 3 presents a summary of the measured fiducial cross sections and the 95% CL

upper limits on those in SR1 (left) and SR2 (right). The expected (observed) upper limits

are shown as vertical dashed (solid) lines, together with the 68 and 95% CL uncertainties

in the expected limits. Also shown in the plot are the expected cross sections and their

uncertainties at
√
s = 13TeV, which were obtained by scaling the measured 8TeV cross

sections by a factor of 1.5 or 2.5, indicative of an expected cross section increase from
√
s = 8

to 13TeV for the qq or gg production mechanism, respectively, for the invariant mass of the

produced system in the mass range between 30GeV and the top quark mass [76, 77]. The

choice of the lower edge of this range is motivated by the measured mass of a hypothetical

dimuon resonance. The upper edge was taken assuming that a hypothetical resonance could

be produced in a top quark decay. In the absence of a realistic signal model, both the mass

range and the scaling should be considered only as simple benchmarks; in particular, the

scaling does not take into account possible changes in the signal acceptance between the

two collision energies; hence we can not exclude that the signal kinematics seen with the

8TeV selections are disfavored in 13TeV data.

We note that the event excess at 8TeV cannot be explained by a light pseudoscalar

Higgs boson produced in association with a b quark pair, pp → bbA, A → µ+µ−. Even

– 10 –
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New physics as a new dynamics of SM 
�

J/ ⇡⇡

v ⌥( S , S) pT

⌥( S) � . ± . (stat)± . (syst)

�vn D /D̄
�vn 6=
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физика струй в передней области:   публикации в CMS
Dijets with large rapidity separation:

- LHC 7 ТэВ:
CMS: Eur. Phys. J. C 72 (2012) 2216 – первое измерение отношение сечений струй при
больших интервалах быстроты > 9.4

- LHC 7 ТэВ:
CMS: JHEP 08 (2016) 139 – первое измерение азимутальных декорреляций струй при
больших интервалах быстроты > 9.4

Electroweak Z boson production with two forward jets:

- LHC 7 ТэВ:
CMS: JHEP 1310 (2013) 062 – первое наблюдение в адронных соударениях процесса
электрослабого образования Z-бозона
конечное состояние: два лептона и две адронные струи вперед

- LHC 8 ТэВ:
CMS: Eur. Phys. J. C 72 (2012) 2216 - измерение в адронных соударениях сечение процесса
электрослабого образования Z-бозона при 8 ТэВ
σ(llJJ) = 174 ± 15 (стат.) ± 40 (сист.) Фб, mJJ > 120 ГэВ, 8 ТэВ

- LHC 13 ТэВ:
CMS: Eur. Phys. J. C 78 (2018) 589 измерение в адронных соударениях сечение процесса
электрослабого образования Z-бозона при 13 ТэВ
σ(llJJ) = 534 ± 20 (стат.) ± 57 (сист.) Фб, mJJ > 120 ГэВ, 13 ТэВ
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CMS+TOTEM/PPS (CT PPS)

  

Several analyses ongoing:

Central (semi)exclusive production of high 
mass lepton pairs

Anomalous Quartic Gauge Couplings

Central production of γγ, WW, ZZ, γZ, tt

Missing mass searches

Search for axion-like particles

PPS – Run II 

Total of ~110/fb collected in Run 2 !

PPS has demonstrated the feasibility of studying forward proton-tagged events at high luminosity
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Дифракционные процессы на ядрах при энергиях LHC

CMS+TOTEM pA data 2016 8 ТэВ NN c.m.s.
Первое измерение на БАК

Предыдущие измерения при энергиях менее чем 300 раз ( 400 ГэВ  fixed target)

CMS + TOTEM:  pA-дифракция
Run: 285530 Event: 1119721247: E

HF�
MaxTower

> 2.0 GeV

5
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Заключение
ПИЯФ @CMS physics  

- Dijets:
К-фактор 7 ТэВ: EPJ C 72 (2012) 22 

К-фактор c вето                        2.76 ТэВ: завершение анализ
8  ТэВ: завершение анализа
13 ТэВ: продолжается анализ   

азимутальные декорреляции 7 ТэВ: JHEP 08 (2016) 139
13 ТэВ: продолжается анализ

- EWK Z 7 ТэВ: JHEP 10  (2013) 062 
8 ТэВ: EPJ C 75 (2015) 066

13 ТэВ: EPJ C 78 (2018) 589
полные данные Run2: продолжается анализ

- CMS+TOTEM/PPS 
дифракция в рА 8 ТэВ: завершение анализа
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