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Introduction
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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:

@

baryon meson hadronic molecules
Exotic matter:
glueball hybrid tetraquark
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Excitation spectrum of a bound system
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Orbital quantum numbers

o QED: hyperfine splitting. Pt
@ QCD: is far not hyperfine

o p(11) — m(14) transition is a “QCD-cell division”
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Introduction Meson spectrum

Invariant-mass distribution, resonances
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Introduction Meson spectrum

Invariant-mass distribution, resonances
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Introduction Meson spectrum

Resonances are poles of the amplitude
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COMPASS Experiment

Spectroscopy, Structure functions
7/u beam, 107 particles per 10s spill
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Understanding of the 37 spectrum  (compass) Proos (2017) 032004]

The results of the main big fit
— 14 interfering waves x 11 t’-slices simultaneously.
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The results of the main big fit
— 14 interfering waves x 11 t’-slices simultaneously.
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Understanding of the 37 spectrum  (compass) Proos (2017) 032004]

The results of the main big fit
— 14 interfering waves x 11 t’-slices simultaneously.
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@ 11 resonances are established including potentially exotic contributions J
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COMPASS data
N VS 77/7'( at COMPASS [(COMPASS) PLB 740 (2015) 303] .
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Mikhail Mikhasenko (CERN) Introduction to the amplitude analysis 14.08.2020 12/19



COMPASS data
N VS 77/7'( at COMPASS [(COMPASS) PLB 740 (2015) 303] .

&, 2000 3, 7
< 3 nm > 600F _ nmw o
> 1600f 9 s S R
o 3 S % soof =
Z 1200F 12, 8 2 o0k 1) & Resonance
- 10 = [a\] < .
~ 800f - ~ 300 120 8 production
g 3 g w 200 ¢
9 3 9 19) b T 77(/)
& 400_ < E 100 az
& o e g oMt T
1 1.5 2 25 3 3.5 4 4.5 A 1.5 2 25 3 3.5 4 4.5 5 P 7T
m(nx ™) [GeV/c?] m(n'm7) [GeV/c?] n-forward
production
1 1 ”
0.8 ar-exchange 0.8 0 n
0.6 0.6 .
- 0.4 - 0.4 2
U 0.2 U 0.2
s o s o P T
2.0.2 2.0.2
€0 Sloa m-forward
-0.6 -0.6 .
0.8 f-exchange 0.8 production
S e S E i
1 1.5 2 2.5 3 3.5 4 4.5 15 2 25 3 3.5 4 4.5 5 ™ )
m(nm ) [GeV/c?] m(n'77) [GeV/c?] HP

P
(07 )mw(07), JPC = LP+ = cosfq; asymmetry = exotic waves!

Mikhail Mikhasenko (CERN) Introduction to the amplitude analysis 14.08.2020 12/19



n") 7 analyses

Tensor mesons (JF¢ = 2++)

Advanced nm analysis [A.Jackura,MM,A Pilloni,et al. (JPAC-COMPASS), PLB779, 464-472]
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COMPASS data

M uItipIe—channeI analysis [A.Rodas,A.Pilloni,MM,et al. (JPAC), PRL122 (2019)]
x?/ndf = 162/122, the band - 20 bootstrap error
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NOERTH IV COMPASS data

Results: pole positions [A.Rodas,A Pilloni,MM,et al. (JPAC), PRL122 (2019)]
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On the lattice QCD
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n") 7 analyses

Hadronic excitations

Results of lattice QCD

[Dudek et al., PRD 88, 094505 (2013)]
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n") 7 analyses

Hadronic excitations

Results of lattice QCD [Dudek et al., PRD 88, 094505 (2013)]
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n") 7 analyses

Part 1: light mesons

Live coding #1
3. Find the pole position of a,

nm system

White board J

Live coding #2
1. PWA: get angular variables
2. PWA fit: extended log Likelihood
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Part 2: Three body physics

White board
Introduction to the three body decays J

Live coding #3:
4. Three-body kinematics
5. Three-body dynamics

White board J

Helicity formalism

Live coding #4:
6. The pentaquark decay
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