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short bio

Links to the pages of the
collaborations:

LHCb

COMPASS

JPAC

Thanks to my colleagues
who are connected today
and will help with the
workshop
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Introduction Cosmology and matter formation

Variety of the hadronic states

Low-energy regime:
Effective d.o.f. - constituent quarks (gluons?)

Ordinary matter:
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ū

meson

u
u

d

d
d

u

hadronic molecules

Exotic matter:

glueball hybrid

ds̄
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Introduction Meson spectrum

Excitation spectrum of a bound system

Example: “Spin-flip” transition of the 1S state

QED: hyperfine splitting.

QCD: is far not hyperfine

ρ(↑↑)→ π(↑↓) transition is a “QCD-cell division”
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Introduction Meson spectrum

Invariant-mass distribution, resonances

Hadronic state is a particle

charact. by mass (energy)
and width (lifetime)

Hadronic states are
resonances of the hadronic
system

Read m, Γ from spectrum

resonances are poles of
scattering amplitude.
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Introduction Meson spectrum

Resonances are poles of the amplitude

Electric circuit Scattering

Irms =
U

R + iLω − i
Cω
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Introduction Studies of QCD in COMPASS

Another way to study hadronic excitations

π−
P

π

π

pump relaxation

QCD lab

Diffractive reaction

pion beam scattered off the proton target

high energy guarantees t-channel process.

the target provide the gluonic field

3π production has the largest cross section
(inelastic)
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Introduction Studies of QCD in COMPASS

COMPASS Experiment

Spectroscopy, Structure functions
π/µ beam, 107 particles per 10s spill
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Introduction Studies of QCD in COMPASS

Understanding of the 3π spectrum [(COMPASS) PRD95 (2017) 032004]

The results of the main big fit
— 14 interfering waves × 11 t ′-slices simultaneously.

11 resonances are established including potentially exotic contributions
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Introduction Studies of QCD in COMPASS

Understanding of the 3π spectrum [(COMPASS) PRD95 (2017) 032004]

The results of the main big fit
— 14 interfering waves × 11 t ′-slices simultaneously.

Conventional states

Exotic candidates

11 resonances are established including potentially exotic contributions
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η(′)π analyses

η(′)π analyses
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η(′)π analyses COMPASS data

ηπ vs η′π at COMPASS [(COMPASS) PLB 740 (2015) 303]
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ηπ vs η′π at COMPASS [(COMPASS) PLB 740 (2015) 303]
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η(′)π analyses COMPASS data

Tensor mesons (JPC = 2++)
Advanced ηπ analysis [A.Jackura,MM,A.Pilloni,et al. (JPAC-COMPASS), PLB779, 464-472]

Single channel: ηπD-wave

Elastic unitarity

Two CDD-poles

m(a′2) = (1720± 10± 60) MeV
Γ(a′2) = (280± 10± 70) MeV

m(a2) = (1307± 1± 6) MeV
Γ(a2) = (112± 1± 8) MeV
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η(′)π analyses COMPASS data

Multiple-channel analysis [A.Rodas,A.Pilloni,MM,et al. (JPAC), PRL122 (2019)]

χ2/ndf = 162/122, the band - 2σ bootstrap error
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η(′)π analyses COMPASS data

Results: pole positions [A.Rodas,A.Pilloni,MM,et al. (JPAC), PRL122 (2019)]
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m(a′2) = (1722± 15± 67) MeV
Γ(a′2) = (247± 17± 63) MeV

m(a2) = (1306± 0.8± 1.3) MeV
Γ(a2) = (114.4± 1.6± 0.0) MeV

m(π1) = (1567± 24± 86) MeV
Γ(π1) = (492± 54± 102) MeV

Change parametrization of the denominator ρNJ
ki (s
′) = δki

(p
η(′)π
√
s/2)2J+1

(s′+sL)2J+1+α ,

I sR = 1 GeV→ 0.8, 1.8 GeV.
I α = 2 → 1GeV.
I Different function, ρNJ

ki (s
′) = δki QJ(zs′) s

′−αλ−1/2(s ′,m2
η(′) ,m

2
π)

Change of parameters in the numerator n(s)
I Effective transferred momentum teff = −0.1 GeV2 → −0.5 GeV2.
I Order of the polynomial 3rd-order→ 4th-order.
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η(′)π analyses COMPASS data

On the lattice QCD
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η(′)π analyses COMPASS data

Hadronic excitations
Results of lattice QCD [Dudek et al., PRD 88, 094505 (2013)]
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η(′)π analyses COMPASS data

Hadronic excitations
Results of lattice QCD [Dudek et al., PRD 88, 094505 (2013)]

500

1000

1500

2000

2500

3000

mass of pion is 391 MeV

a1

π1

a2

Mikhail Mikhasenko (CERN) Introduction to the amplitude analysis 14.08.2020 17 / 19



η(′)π analyses COMPASS data

Part 1: light mesons

Live coding #1

3. Find the pole position of a2

White board
ηπ system

Live coding #2

1. PWA: get angular variables

2. PWA fit: extended log Likelihood
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η(′)π analyses COMPASS data

Part 2: Three body physics

White board
Introduction to the three body decays

Live coding #3:

4. Three-body kinematics

5. Three-body dynamics

White board
Helicity formalism

Live coding #4:

6. The pentaquark decay
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