Overview of Resonances, K-Matrix

WILLI AM Formalism, and Coupled-Channel

Analysis in the Context of Hadron

699 M ARY Spectroscopy

Addison Kovats-Bernat




Outline

» Overview of Resonances

» Breit-Wigner Parameterization and its limitations
« K-Matrix Formalism

» Coupled-Channel Analysis
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Overview of Resonances

« Resonances are short lived bound states
« Can be mesons or baryons

« Can also be exotic — Unable to be described by 2 or 3 quarks
(tetra/pentaquarks, hybrid mesons, glueballs)

Hybrid
Meson Baryon Tetraquark Pentaquark Meson Glueball

« Usually appear as peaks in mass spectra
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Overview of Resonances

 Formally, resonances are complex poles of the scattering matrix
S:

i(2m)*6*(p1 + P2 — 1’ — P2 DM (D1, D2 P D2V ba = out (P1'P2’, bIS — 1p1p2, @) in
« Mass and width are directly related to pole position:
VSg = Mg — ilR /2

« What we see in mass spectra is the real line — resonance pole
will affect this
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Resonance Visualization

Sheet + : |Tpo(5)]?

0.40

0.35 +

0.30 +

0.25 A

0.20

0.15

0.10 +

0.05

0.00 ~

ﬂ —— |Tools)|? (pi pi = pi pi)

3.5 4.0

s ' ' 1'0(1.251
'501.7%.0% 5
Note: Not actual data! Moy ©725G 55

—0.3

. AN
—0.1 A°
-0.2

0.3

[Tool?

WeM

Overview of Resonances, K-Matrix Formalism, and Coupled-Channel Analysis in the Context of Hadron Spectroscopy



Breit-Wigner Parameterization

» Often, resonances are described w/ a Breit-Wigner Function:

1
BW(s) =
) Mgy — S — imgwI(s)

« Can describe scattering amplitude and production amplitude in
terms of BW:

Map(s) = gang(s)BW(s) gpnp(s)

Aq(s) = No(s)BW (s)
* g, : bare coupling of bare pole to channel a, related to partial width

* n,(s): function of breakup momentum for channel a
« N, (s): numerator factor, covers kinematics and couplings to production and decay
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Limitations of BW Parameterization

1. OnlyvalidinT/A — 0 limit

« BW parameterization is only accurate for small width and isolated
resonances.

2. Pole position obtained fromm BW does not necessarily match
the actual pole position

« Must have small width, and can have significant non-resonant
contributions

3. If multiple similar resonances couple to the same channel,
using BWs may violate unitarity greatly
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K-Matrix Formalism

* The defining equation for the K-Matrix is
-1, _ ar—-1 _ . 2
NpMpg Ng = Kpg — 10paPaNa
* p,: Phase space factor

 The most common parameterization 1S
gbg
Kba(s) — - 2 CI(QZ)

r

: clg’;) non-pole contributions

« K-Matrix formalism can handle multiple resonances as well as
multiple channels without issue®
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K-Matrix Formalism: Rescattering

« K-Matrix can account for rescattering: no direct production
from a channel, but indirect production from secondary
interactions
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e
Coupled-Channel Analysis

« K-matrix allows for a coupled-channel analysis, where multiple
different production mechanisms and decays are considered
simultaneously

» Can even use channels from different production mechanisms

e Can use well-known channels to constrain less confident ones,
resulting in better fitting overall
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GlueX Coupled-Channel Analysis G LUEX

* GlueX is an experiment going

On in I_Ia']']' D focused On Forward Calorimeter
studying exotic mesons  Time of Flight
Barrel Calorimeter
» Linearly polarized photon Start Counter

e
e

beam aimed at liquid hydrogen -
target )
Photon Beam

* Channels we plan to include Tegging

Electron

in analysis: ctron
* nrr, KK, nmm,nn’, Tn, Ty’
e (all also have recoil proton in
final state)

Forward Drift
Chamber

Central Drift
Chamber

Solenoid

Radiator

11

WeM Overview of Resonances, K-Matrix Formalism, and Coupled-Channel Analysis in the Context of Hadron Spectrosco PY



——
KK~

e Possible quantum numbers of X
align with some exotics: y
 Scalar glueball (0++) %Vl/‘/
« Light tetraquark (O++, 1++, 1+-, 2++)
« KTK~ serves as a well-known

channel to constrain others

 Two charged particles — easier to
measure at GlueX p

* Better reconstruction from DIRC
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Various Equations

1
mBw

=" Iy(s) with Iy(s) = gipe(s)ni(s).
b

1 2|QC|
167r

Na = (9a/90)" F1, (¢a/q0) ,

Fy(z) =1,

F3(2) = 1/(1+ 2)

F5(z) =1/(9 + 32% + 2*)
Blatt-Weisskopf form factors

WeM Overview of Resonances, K-Matrix Formalism, and Coupled-Channel Analysis in the Context of Hadron Spectrosco PY 15



.
F-Vector

_ B, (gR)
Fy (qR)’

Blatt-Weisskonf harrier fact

C(s): Chew-Mandelstam phase space matrix
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