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Constituent-Quark Model QCD Meson -

- |qg‘t38ystem with g = u,d, s

 Quantum numbers J° on <
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In unflavoured sector: Spin-exotics

_|_
= Not possible in Constituent-Quark Model: Multiquarks “ ”
JPC =07, (odd)" ™, (even)* ™
= Access to exotic states that do not overlap with +

ordinary mesons Glueballs o

Hybrids +
« Excited gluonic field contributes to J
= Predictions from theory: lightest hybrids have + ...

JPC =(0,1,2) M 17O



= COmmon Muon Proton Apparatus for Structure and Spectroscopy
* Located at the M2 beam line in the north area of CERN
« Part of the Hadron program: Light-Meson Spectroscopy

Setup for Hadron beams Di [ractive resonance production
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Muon Filter 2 = Beam hadrons at 190 GeV/c
- mainly Pomeron exchange
« Dil_tross section:
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Analysis in two steps:
1. Partial-Wave Decomposition (PWD): Amplitudes of contributing waves are determined
2. Resonance-Model Fit (RMF): Extraction of resonance parameters (mg, o) and couplings
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Analysis in two steps:

1. Partial-Wave Decomposition (PWD): Amplitudes of contributing waves are determined
2. Resonance-Model Fit (RMF): Extraction of resonance parameters (mg, o) and couplings
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Partial-Wave Decomposition
» Data arranged into bins-of (my, t'ﬂ

1(t) = TaWa(t)
a
« Decay Amplitudes W, are calculated from
data using isobar model
« Production amplitudes T, are determined in
extended Likelihood fit

T := {kin. var.}

(m . K.p)

ptarget
Partial wave: J°°M "€, &,LS; ¢ — decay
(Di [ractive resonance production and
subsequent two-body decays)



Decomposition into decay channels
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Analysis in two steps:
1. Partial-Wave Decomposition (PWD): Amplitudes of contributing waves are determined
2. Resonance-Model Fit (RMF): Extraction of resonance parameters (mg, o) and couplings
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Analysis in two steps:
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Analysis in two steps:

1. Partial-Wave Decomposition (PWD): Amplitudes of contributing waves are determined
2. Resonance-Model Fit (RMF): Extraction of resonance parameters (mg, o) and couplings
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e Measured amplitudes are modelled by sum of
resonant and non-resonant components (S)
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a; - KIK™ - 430 k events
e Reaction: M~ +p - K KS(m*n ) +p o - . .

* 6 resonances in 4 waves simultaneously

Intensity [10*(GeV/c?)~!]
st il
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* No isobars

* Ambiguities are challenging
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(=a)!
Reaction: +p!

11 resonances in 17 waves simultaneously

- 630 k events

+

+p,

Main isobars:
f,(1285); (770), ao(980), °
a,(1320)



( =) !! 0. 720 k events

Reaction: +p!! 04 D,

11 resonance in 23 waves simultaneously

Main isobars:
b, (1235); (770),

2(1690)



K 3K
Dominant a,(1320)

a,(1320) & a,(1700) consistent with
previous measurements

Higher a, above 2:0 GeV=c
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3 decay channels: °, f 1(1285),
a,(1320)

a,(1320) & a,(1700) consistent with
previous measurements

Higher a, above 2:0 GeVZc
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First Lattice QCD calculations

Decay of hybrid meson with §¢ =1 *
via several channels

At SU (3) symmetry point:
I'm u;d;s =m gxp.

' m  700MeV=c 2

I 3m  pushed to high energy

Result: b; most dominant

[PRD 103, (2021) 054502]
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First Lattice QCD calculations

Decay of hybrid meson with §¢ =1 *

via several channels
At SU (3) symmetry point:

I'm u;d;s =m gxp.
I'm  700MeV=c >
I 3m  pushed to high energy
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0
2 decay channels:
b, (1235) & (770)!
b,(1235) is dominant
(770)! is signi cant
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580290

(in MeVic ?)



3 decay channels:
f,(1285), (770)a o, °

f 1(1285) and O are dominant
(770)a g is signi cant

| + +
mo 1723 6%  1706:2 2:6 G 160050 °
o 336 10 5 377 5 580359

(in MeV/c 2)
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3 decay channels:
f,(1285), (770)a o, °

f 1(1285) and O are dominant
(770)a g is signi cant

1(1600)
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COMPASS: Data
K +p!K T +pat
190 GeV=c
720k events

Four t %bins in range
0:1 <t%< 1:0(Gev=c)

Limited by PID in spectrometer

COMPASS: Resonance-Model Fit
Agreement with at least ve established states
Agreement with at least three not established states

PDG: Light Strange Sector

25 states listed, nine need further con rmation



COMPASS: Data
K +p!K T +pat
190 GeV=c
720k events

Four t %bins in range
0:1 <t%< 1:0(Gev=c)

Limited by PID in spectrometer

Exotic state in O sector?
Constituent-Quark Model predicts two excited states
Three exited signals are observed

PDG: Light Strange Sector

25 states listed, nine need further con rmation
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One decay channels (770)K
Real and imaginary parts drive the t

Crypto-exotic K(1630) with
signi cance of 8

+

Resonance  Par. K
mgy  1482:4 (xed)
0 335:6 ( xed)
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0 50
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K(1460)
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0 T = fkin. var.g
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s-channel resonances with same
isospin, intrinsic spin and parity
fall on a straight line in the plane:
t=M 2vs (t)=J

The resummation is called a
Regge trajectory: (t)= o+

Scattering amplitude according to

Shimada . shimada et al., Nucl.Phys.B142, 344 (1978) ©

ARr,R,()=
rl(t E:z(tp}r( R, (t );{7R2(tp);sp}

Form factors Shimada model

Chew-Frautschi Plot
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Fit

Intensity per eI\D/ent k:
2
(e W= GA{(D; «)
c; are strength

b; are slope parameters of Form
factors (t dependence)

Perform unbinned ext. negative
log-likelihood t

< 20 parameters needed to t 23,727
() and 21,421 (°) events

First event based t of double-Regge
amplitude

Compare kinematic distribution:
Data (black) vs. weighted MC (red)



Fit

Intensity per eI\D/ent k:
2
(e W)= GAi(D; «)
c; are strength

b, are slope parameters of Form
factors (t dependence)

Perform unbinned ext. negative
log-likelihood t

< 20 parameters needed to t 23,727
( )and?21,421 (0) events

First event based t of double-Regge
amplitude

Compare kinematic distribution:
Data (black) vs. weighted MC (red)



Signi cant contribution of exotic 4 trajectory: 9:9 ( ) 5:5 ( 0 )



Light-meson spectroscopy

Results from di ractive production with
=K -beam at 190 GeV=c

Consistent picture of ; and g spectrum
from six di erent nal states

1(1600) in seven decay channels

Observation of crypto-exotic K(1630)

Double-Regge Analysis

First event based t

Observation of exotic trajectory
Outlook

Transition to unitary resonance-model
including f-dependence ..

.. for  © (ongoing)
.. for multi-body systems

Use constraints from double-Regge
analysis in res. region (0) )

Measuring the strange sector with



Back up



More results



0
2 decay channels:
b;(1235) & (770)!

»(1670) & a,(1880) consistent with
previous measurements

Higher , above 2:0 GeVZe

m, 1698 5 8
,(1670) ° o
o 296 11 X

m, 1876 4%
,(1880) © o
o 166 8 8

m, 2142 12 %%
,(2100) ° o
o 304 21 %X

(in MeVic 2)



3 decay channels:

f1(1285) , a,(1320), (770)a o(980)
»(1670) & ,(1880) consistent with

previous measurements

Higher , above 2:0 GeVZe
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m
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(in MeV/c ?)
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3 decay channels:
b (1235) & (770)!, 3
No a3 established in PDG

mo 2080 10 %y

o 560 20 0

(in MeVic ?)
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3 decay channels:
f1(1285) , a,(1320), (770)a ¢(980)

No a3 established in PDG

+
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mo 2080 10 %X 2161 6 %%

o 560 20 X0 478 15 %3

(in MeV/c 2)




K 2K
a 4(1970) consistent with previous
measurements
Second a measured

K 2K
mo 1952:2 1:8 5%
+6

(in MeVic 2)



0
2 decay channels:
b;(1235) & (770)!

a4(1970) consistent with previous
measurements

K 2K !
mo 19522 1:8 5Y 1973 3 °
0 327 4% 311 8 %%

(in MeV/c ?)



1 decay channels:
f1(1285)

a 4(1970) consistent with previous
measurements

KK ! *
mo 19522 1:8 55 1973 3 5° 2036 8 Gy
o 327 47 311 8 7Y 386 20 2

(in MeVic ?)



Detalls on PWA



Isobar model (chain of two-body decays):

a) b)

A WN PP
BN R
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Precoil Exam ple
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