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Light-Meson Spectrum
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Light-Meson Spectrum

Light mesons
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Beyond the Constituent Quark Model
o QCD permits additional color-neutral
configurations
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QCD permits additional color-neutral

configurations

@ Physical mesons: linear

superpositions of all allowed basis

states

Amplitudes in principle

determined by QCD interactions

@ Disentanglement of contributions
difficult

Light mesons: no definitive
experimental evidence yet
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Light-Meson Spectrum from Lattice QCD

State-of-the-art calculation with m,; = 391 MeV /c? Dudek et al., PRD 88 (2013) 094505
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@ High towers of excited states
@ Essentially recovers quark-model pattern
@ Additional hybrid-meson super-multiplet
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The COMPASS Experiment at the CERN SPS

Experimental Setup C. Adolph et al., NIMA 779 (2015) 69

Fixed-target experiment
@ Two-stage spectrometer E / HCAL2

@ Large acceptance over wide

kinematic range

@ Electromagnetic and hadronic
calorimeters

@ Beam and final-state particle ID
(CEDARSs, RICH)

RPD + Target

/Beam
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The COMPASS Experiment at the CERN SPS

Experimental Setup C. Adolph et al., NIMA 779 (2015) 69

Fixed-target experiment

@ Two-stage spectrometer

@ Large acceptance over wide
kinematic range

@ Electromagnetic and hadronic
calorimeters

@ Beam and final-state particle ID
(CEDARSs, RICH)

2008-09, 2012

@ 190GeV/c secondary hadron beams
© h™ beam: 97% m~,2% K—,1% p
o ht beam: 75% p,24% 7t t, 1% KT
@ Various targets: /Hp, Ni, Pb, W
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The COMPASS Experiment at the CERN SPS

Experimental Setup C. Adolph et al., NIMA 779 (2015) 69

Fixed-target experiment

@ Two-stage spectrometer

@ Large acceptance over wide
kinematic range

@ Electromagnetic and hadronic
calorimeters

@ Beam and final-state particle ID
(CEDARSs, RICH)

@ 190GeV/c secondary hadron beams
© h™ beam: 97% m~,2% K—,1% p

@ Various targets: /Hp
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Meson Production in Diffractive Dissociation

_ hl
T[beam X
hy
P
ptarget Precoil

@ Soft scattering of beam particle off target
o Production of n forward-going hadrons
o Target particle stays intact
@ 190 GeV/c beam momentum =- interaction dominated by
space-like Pomeron exchange

o All final-state particles are measured
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Meson Production in Diffractive Dissociation
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Meson Production in Diffractive Dissociation

_ B hl
T[beam X X
hyy
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@ Beam particle gets excited into intermediate resonances X
@ X dissociate into 1-body hadronic final state
@ Rich spectrum of interfering intermediate states X
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Meson Production in Diffractive Dissociation

_ B hl
T[beam X X
hyy
P
ptarget Precoil

@ Beam particle gets excited into intermediate resonances X
@ X dissociate into 1-body hadronic final state
@ Rich spectrum of interfering intermediate states X

Goal: disentangle all contributing resonances X

@ Determine their mass, width, and quantum numbers
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Meson Production in Diffractive Dissociation

_ - hl
Tt beam X X
hy
P
ptarget Precoil

@ Beam particle gets excited into intermediate resonances X
@ X dissociate into 1-body hadronic final state
@ Rich spectrum of interfering intermediate states X

Goal: disentangle all contributing resonances X

@ Determine their mass, width, and quantum numbers

Method: partial-wave analysis (PWA)

@ Exploits full kinematic information of events
® Amplitude analysis: interference of intermediate states

e Additional phase information increases sensitivity
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Meson Production in Diffractive Dissociation

_ hl
TT beam X
hy
P
Ptarget Precoil
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Meson Production in Diffractive Dissociation

Example: =~ it~ " final state C. Adolph et al., PRD 95 (2017) 032004
7T, 7T
b
eam o
gt
P
Ptarget Precoil
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Meson Production in Diffractive Dissociation

Example: =~ it~ " final state C. Adolph et al., PRD 95 (2017) 032004
7T, 7T
b
eam o
T
P
Ptarget Precoil
x10°
%‘ [
@ Exclusive measurement ;
o Clean data sample 7 04"
5 |
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Meson Production in Diffractive Dissociation

Example: =~ it~ " final state C. Adolph et al., PRD 95 (2017) 032004
T T
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Ptarget Precoil
. 5
@ Exclusive measurement S 10°
38
o Clean data sample L 10
g
@ Squared four-momentum transfer 3
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Meson Production in Diffractive Dissociation

Example: 7~ 7t 7t final state

C. Adolph et al., PRD 95 (2017) 032004

Ptarget

@ Exclusive measurement

o Clean data sample

@ Squared four-momentum transfer
0.1 <t <1.0(GeV/c)?

@ 46 x 10° 7~ 7~ 7t events

@ Well-known 37t resonances
appear in mgz;, spectrum
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Meson Production in Diffractive Dissociation

Example: =~ it~ " final state C. Adolph et al., PRD 95 (2017) 032004
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Decay of X via intermediate 77~ 71" resonances = “isobars” J
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Meson Production in Diffractive Dissociation

Example: 7~ 7t 7t final state

C. Adolph et al., PRD 95 (2017) 032004
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

ptarget Precoil
Ansatz: Factorization of production and decay

waves 2

Z 77(7'”371/ t/) llvi(m37r/ T)

do «

dm2_ dt' dLIPS;(m3y, T)

@ Fit model: coherent sum of partial-wave amplitudes
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

ptarget Precoil

Ansatz: Factorization of production and decay

waves 2

dooc| Y Ti(man, t') ¥i(maz, ) dm2_ dt' dLIPS;(m3y, T)
7

@ Fit model: coherent sum of partial-wave amplitudes

@ Decay amplitudes ¥;(m3y, T)

@ Transition amplitudes 7;(m3,,t')
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

ptarget Precoil

Ansatz: Factorization of production and decay

waves 2

dooc| Y Ti(man, t') ¥i(maz, ) dm2_ dt' dLIPS;(m3y, T)
7

@ Fit model: coherent sum of partial-wave amplitudes
@ Decay amplitudes ¥;(m3y, T)

o Describe 5-dimensional 7 distribution of partial waves
o Calculated using isobar model and helicity formalism

@ Transition amplitudes 7;(m3,,t')
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

ptarget Precoil

Ansatz: Factorization of production and decay

waves 2

dooc| Y Ti(man, t') ¥i(maz, ) dm2_ dt' dLIPS;(m3y, T)
7

@ Fit model: coherent sum of partial-wave amplitudes
@ Decay amplitudes ¥;(m3y, T)

o Describe 5-dimensional 7 distribution of partial waves
o Calculated using isobar model and helicity formalism

@ Transition amplitudes 7; (3, ') = interesting physics

e Dependence on 13, and t' unknown
o Extracted from data: PWA fits in narrow m3,; and t bins
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004
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N0~
P T
Ptarget Precoil
6
Fit model ) x 10 p(770)
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o [m7s e =0 e
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Boris Grube, TU Miinchen

P P
5 2
m,, . [GeV/c]

Light-Meson Spectroscopy with COMPASS



Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

_ Bachelor
n:beam U PCMe] T
o7
P g i
Ptarget Precoil
@ Included isobar resonances: @ Notation: JPC M€ ¢ L
o [nrls JPC =0t @ Jand Lup to 6
e p(770) 1-- _
o £5(980) o++ @ 87 partial waves
o f»(1270) PARS @ Additional incoherent
o fo(1500) 0+ isotropic background
o p3(1690) 3 wave
@ Requires precise knowledge of
isobar — 71~ 7t amplitudes

Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS



Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

@ Partial-wave decomposition performed independently in narrow
ms3, and t’ bins
o In each bin: fit to measured 5-dimensional intensity distribution
@ Result: transition amplitudes Twave (73, 1')

@ PWA makes no assumptions about 37t resonances
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Partial-Wave Decomposition of 7t~ 7t~ 7+ Final State

C. Adolph et al., PRD 95 (2017) 032004

@ Partial-wave decomposition performed independently in narrow
ms3, and t’ bins

o In each bin: fit to measured 5-dimensional intensity distribution
@ Result: transition amplitudes Twave (73, 1')

@ PWA makes no assumptions about 37t resonances
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PWA 7~ 7t~ r* Final State: Major Waves

C. Adolph et al., PRD 95 (2017) 032004
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PWA 7~ 7t~ r* Final State: Major Waves

C. Adolph et al., PRD 95 (2017) 032004
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PWA 7~ 7t~ r* Final State: Major Waves

C. Adolph et al., PRD 95 (2017) 032004
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Experimental signatures of a resonance

@ Intensity peak at resonance mass

o
0
T

S
o
T

Intensity [a.u.]

05 10 15 20 25
Mass [GeV/c?]
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Experimental signatures of a resonance
@ Intensity peak at resonance mass

@ Phase motion: ¢ rises from 0° to 180° and is 90° at peak position

12 180
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Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS


http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Experimental signatures of a resonance
@ Intensity peak at resonance mass
@ Phase motion: ¢ rises from 0° to 180° and is 90° at peak position

@ Resonance mass and width are independent of four-momentum
transfer ¢/

12 180
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components
/ / / .
7;(7’”37T/t ) o 2 Clj(t )Dj(m37r/t lgj) 605103 ZT () &z
j 0.100 < #' < 0.113 (GeV/c)’
a ¢
<
> 40F )
E +
o
g
} + o+
Z 20 -
Q
g .
O S B
0.5 1 15 2 25
m,, [GeV/c?]
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components
Ti(maz, t t') o 2 C] ) D; (m37r/t g]) x10° 21" p(770) % D
Uy 0.100 < #' < 0.113 (GeV/c)?
i Model curve
) I
T 40¢
= L
=)
QY
} L
Z 201
Q
é L
N N NI R —
0.5 1 1.5 2 2.5
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components
Ti(maz, t / e 2 C] m37‘[/t g]) 605103 2°*1* p(770) & D
0.100 < #' < 0.113 (GeV/c)’
I Model ¢
@ Dynamical amphtudes Dj(m3z, t'; ) Rooe
@ For resonances: Breit-Wigner § | 2,(1320)
amplitudes < “Un
= I
Q
} L
2 201
2
2 I
i 111 | I
0.5 1 1.5 2 2.5
m,, [GeV/c?]
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components

T m37‘[/ / & E C] m37‘[/t €]>

@ Dynamical amphtudes D, (M3, t';C ]-)
@ For resonances: Breit-Wigner
amplitudes
o For non-resonant components:
(real-valued) empirical
parametrizations

Intensity / (20 MeV/c?)

%10 2°*1* p(770) & D
0 0.100 < ' <0.113 (GeV/c)®
i Model curve
Resonances
+ Nonres. comp.

| 4,(1320)

40

0.5

1

1.5 2 2.5
m,, [GeV/c?]
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http://arxiv.org/abs/1802.05913

PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components

T m37‘[/ / & E C] m37‘[/t €]>

@ Dynamical amphtudes D, (M3, t';C ]-)
@ For resonances: Breit-Wigner
amplitudes
o For non-resonant components:
(real-valued) empirical
parametrizations

Intensity / (20 MeV/c?)

241 p(770) & D

S

10

10°F

L a,(1320)

0.100 < ' < 0.113 (GeV/c)’

1.5 2 2.5
m,, [GeV/c?]
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components

Ti(mzy, t / x 2 C] )D; (m37r,t g])

@ Dynamical amphtudes Dj(mg,m t';C j)
@ For resonances: Breit-Wigner
amplitudes
o For non-resonant components:
(real-valued) empirical
parametrizations
o “Shape parameters” {;

@ “Coupling amplitudes” Clj ()
@ Strengths and phases of wave
components

Intensity / (20 MeV/c?)

241 p(770) & D

10* ; 112(1320)

0.100 < ' < 0.113 (GeV/c)’

1.5 2 2.5
m,, [GeV/c?]
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

Ansatz for resonance model

wave
components

Ti(map, t') o E CL(t') Dj(man, ;) 7 241 p(770) 7 D

0.100 < ' < 0.113 (GeV/c)®
o S
@ Dynamical amphtudes Dj(man, t';¢j) 107);

@ For resonances: Breit-Wigner
amplitudes

o For non-resonant components:
(real-valued) empirical
parametrizations

o “Shape parameters” {;

S

10 ;7 112(1320)

10°F

Intensity / (20 MeV/c?)

10 3

@ “Coupling amplitudes” Clj (t) e

@ Strengths and phases of wave 05 1S 2 25
components My, [GeVie?]
@ Determine {;} and {Cl] ()} by x>fit
to PWA result

v
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

x10° 271" p(770) 7 D
601 0.100 < 1' <0.113 (GeV/c)*
Model curve
— Resonances
< Nonres. comp.
= 4L 22(1320)
=
(=]
33
z
Z 20+
8
k]
.
0.5 1 1.5 2 25
my, [GeV/c?|
s 108 10" p(770) 7 §
. . . 0.100 < ' <0.113 (GeV/c)?
@ Exploit phase information to Model curve
. Resonances
extract resonances & 02k Nonres. comp.
S
. o
@ Only relative phases can be =
)
measured =z
Z o
g
=
Il
) 0.5 1 1.5 2 25

msy, [GeV/c?|
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

%10° 21* p(770) 7 D [271" p(770) D] - [17°0" p(770) 7T S|
607 0.100 < 1' <0.113 (GeV/cy’ [ 0.100<t <0.113(GeV/cy
Model curve
— Resonances
< Nonres. comp.
= 4L 22(1320)
=
(=]
33
z
‘2 20
2
E
f
L _2 PSS NS ST S SN SO SO S S S
0.5 1 15 2 25 5 1 15 2 25
GeV/c? GeV/c
e [GeVIe?] <108 Mo | 1*%‘;}(770)7!5
. . . 0.100 < ' <0.113 (GeV/c)?
@ Exploit phase information to Model curve
. Resonances
extract resonances & 02k Nonres. comp.
S
. )
@ Only relative phases can be =
)
measured =z
2 o1+
g
k=
Il
) 0.5 1 15 2 25

msy, [GeV/c?|
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PWA 7t~ 7t~ 7t Final State: Extraction of Resonances

[arXiv:1802.05913]

%10° 21* p(770) 7 D [271" p(770) D] - [17°0" p(770) 7T S|
607 0.100 < ' <0.113 (GeV/c)® [0.100< t <0.113 (GeV/cy
Model curve
— Resonances
< Nonres. comp.
= 4L 22(1320)
=
8
z
Z 20+
5
= [
|
Il _2 PSS NS ST S SN SO SO S S S
05 1 15 2 25 5 1 15 2 25
GeV/c? GeV/c
e [GeVIe?] <108 Mo | 1*%‘;}(770)7!5
. . . 0.100 < ' <0.113 (GeV/c)’
@ Exploit phase information to Model curve
. Resonances
extract resonances & 02k Nonres. comp.
>
. %
@ Only relative phases can be =
measured g
2 o1+
@ Fit several waves simultaneously 5
E
@ Select waves with clear resonance
1 1
signals ) 05 I 15 2 25

msy, [GeV/c?|
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Resonance-Model Fit of t— 71— 7r+ Data [arXiv:1802.05913]

@ Selected 14 waves with clear resonance signals
@ Represent ca. 60 % of total intensity
o Most comprehensive analysis of this type so far
@ Data described by 11 resonances -+ one non-resonant component
in each wave
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

@ Selected 14 waves with clear resonance signals

@ Represent ca. 60 % of total intensity
@ Most comprehensive analysis of this type so far

@ Data described by 11 resonances -+ one non-resonant component
in each wave

@ Fit 11 # bins simultaneously

@ Same resonance parameters in all ¢’ bins
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

@ Selected 14 waves with clear resonance signals
@ Represent ca. 60 % of total intensity
@ Most comprehensive analysis of this type so far
@ Data described by 11 resonances -+ one non-resonant component
in each wave
@ Fit 11 # bins simultaneously
@ Same resonance parameters in all ¢’ bins
@ Large fit

e 722 real-valued fit parameters constraint by ca. 76 500 data points
o Only 51 shape parameters
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

@ Selected 14 waves with clear resonance signals
@ Represent ca. 60 % of total intensity
@ Most comprehensive analysis of this type so far
@ Data described by 11 resonances -+ one non-resonant component
in each wave

Fit 11 ¢’ bins simultaneously

Same resonance parameters in all # bins

Large fit
e 722 real-valued fit parameters constraint by ca. 76 500 data points
o Only 51 shape parameters

Model not perfect
e Tensions with data
e Multimodal behavior of x? function
@ Result depends on choice of start parameters
o Perform 1000 fit attempts

Expensive: one fit result ~ 30 000 CPUh
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

0100<#<QUS@GeVR) T lGeViC]
LA A A VYT o A~ g
= t & S \‘J’ i “r\éﬁ \ f %
8 \ A /d“" . :
g TEERE +
2 ; A =
a £ A f:‘i‘ /} f*
g A gt !
Z i

T

- E

np — n-n-n'p (COMPASS 2008)
Mass-independent fit
Mass-dependent fit

resonant

non-resonant
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

0.724 < t' < 1.000 (GeV/cY my, [GeV/c?]
0.100 < ' < 0.113 (GeV/c) my, [GeV/c?]

175

{A AV
A M\
o V] 7
i h

A¢ — 5¢ [deg]

24
F e

2
>

=

Intensity / (20 MeV/c2)

d

g

np — n-n-n'p (COMPASS 2008)
Mass-independent fit
Mass-dependent fit

resonant

non-resonant
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resolved Res

ce

odel Fit

[arXiv:1802.05913]

2t 1% p(770) © D

@ 1,(1320): shape of

peak does not
depend on #

/
low ¢
«10° 2°*1* p(770) & D
T 0.100 < ' <0.113 (GeV/cP
Model curve
—~ r Resonances
T L 13 Nonres. comp.
5 | 20320
= L
8 |
} L
Z 20
2
£ L
| 1
05 1 15 25
my, [GeV/e?]
high '
&
x10% 21" p(770) mD
4 0.724 < t' < 1.000 (GeV/c)?
40- Model curve
Resonances|
) Nonres. comp.
3 30f
=
(=]
S
< o0-
2
B
3
£ 100
h
0.5 1 15 2 25
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resolved Res

2t 1% p(770) © D

@ 1,(1320): shape of
peak does not
depend on #

@ 4,(1700):
complicated
t'-dependent
interference with
other wave
components

ce-Model Fit

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

/
low ¢t
x10° 2°*1* p(770) & D
0.100 < ' <0.113 (GeV/c)*
Model curve
r Resonances
L Nonres. comp.
40k a>(1320)
20
I .
05 1 1.5 25
my, [GeV/e?]
high ¢’
&
x10% 2"*1" p(770) D
0.724 < t' < 1.000 (GeV/c)?
40 Model curve
Resonances|
Nonres. comp.
30
20
10
1
0.5 1 15 2 25

Boris Grube, TU M

m,, [GeV/c?]
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Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

[arXiv:1802.05913]

241 p(770) & D

=1

=

0.100 < ' <0.113 (GeV/c)®

=3
n

1

15 2 25
my, [GeV/e?]

21" p(770) mD

10°

10

10°

R

10

0.724 < t' < 1.000 (GeV/c)?

o
3

1

1
15 ) 25
m,, [GeV/cY
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resolved Reso ce-Model Fit [arXiv:1802.05913]

low #/
AN P(77 ) D 010 21 p(770) 7 D 241 p(770) 7 D

0.100 < 7' <0.113 (GeV/c)® [ 0.100 < 7' <0.113 (GeV/c)*
. [ )\ 1 cury S
® a(1320): shapeof | | S| 1
peak does not % 4(); 1(1320) Nonres. comp. % ol
/ = L = £
depend on ¢ g 5 ol
@ 1,(1700): E .
complicated O £
L 0F!
t'-dependent , “F
. . 0.5 1 15 2.5 0.5 1 15 2 2.5
inter ference Wlth ms, [GeV/c?] msy, [GeV/c?]
other wave high #
components x10° 21 p(770) 7D 2°1 p(770) D
4 0.724 < t' < 1.000 (GeV/c)? r 0.724 < t' < 1.000 (GeV/c)?
40 Model curve| 10%
. . Resonances| 3
t information helps | & Nowes.comp|  f
. . v 30— > E
disentangling resonant | = z
8 & 10%
from non-resonant 3 2 > f
‘@ @ 2L
components g g 0%
) £ 10 = £
10g
0.5 al l‘.5 2 25 OjS i, 1‘.5 é 25
m,, [GeV/c?] m,, [GeV/cY
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resolved Reso ce-Model Fit [arXiv:1802.05913]

low #/
AN P(77 ) D 010 21 p(770) 7 D 241 p(770) D

0.100 < 7' <0.113 (GeV/c)® £ 0.100 < ' <0.113 (GeV/c)®
. [ Mo curv SE
@ 1,(1320): shape of o _\f{e‘ii'nzﬁsé _ o}
peak dOQS not % 40; 1(1320) Nonres. comp. % 104;7
/ s | = F
depend on ¢ g 5 ol
@ 4,(1700): 2 g0
complicated = £
t'-dependent [ , “f
. . 05 1 15 25 0.5 1 15 2 25
inter ference Wlth msy, [GeV/c?] msy, [GeV/c?]
other wave high #
components x10° 21 p(770) 7D 21" p(770) D
4 0.724 < t' < 1.000 (GeV/c)? 105' 0.724 < t' < 1.000 (GeV/c)?
40 Mode! curve| E
Resonance parameters o Noﬁfi'znn‘j‘;‘ s f
@ 1,(1320) g % %
2 o o F
my = (131452 Mev/2 | S S
! 2 2 E
Iy = (106.6 33) MeV/? z s
@ a,(1700) £ o =4
mo = (1681 133) MeV /¢ \ ‘ ‘
T = (436 jg) MeV/c? 05 1 15 2 25 05 1 15 2 25
o m;, [Gev/c?] m,, [GeV/cd
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2++ 1+ p(770) T D Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted
M3, range
. Rl o —b;t’
@ Fit t’ spectrum with simple model: Z;(') = A; - (t)IMI. o=bi

e Slope parameter bj

612(1320)

2"*1" p(770) mD

10% 31520
507k
Sk
3z f
g L

> 10% —]
5 E
o L
“_E L
10°

Lo v 10, L

P
02 04 06 08
t [(Gevicy]

b= (79405) (GeV/c)~?
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[arXiv:1802.05913]

27117 p(770) t D Components: ' Spectra

@ For each t' bin: integrate intensity of wave components over fitted
M3, range
. Rl o —b;t’
@ Fit t’ spectrum with simple model: Z;(') = A; - (t)IMI. o=bi

e Slope parameter bj

a2(1320) a2(1700)

241" p(770) D . 241" p(770) TD

10% @) 10 3(TT00)
T 107 T 10°%
O, £ KO £
3 3 f
S o

= 10% — S 10 —
@ f @ F

5] r 3]

E E 7
10°% 10%

I S R BRI R I P R RS B

02 04 06 08 02 04 06 08

t [(Gevicy]
b= (73723) (GeV/c) 2

t [(Gevicy]

b= (79405) (GeV/c)~?
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[arXiv:1802.05913]

27117 p(770) t D Components: ' Spectra

@ For each t' bin: integrate intensity of wave components over fitted
M3, range
. Rl o —b;t’
@ Fit t’ spectrum with simple model: Z;(') = A; - (t)IMI. o=bi

e Slope parameter bj

a,(1320) a,(1700) non-resonant

2°*1* p(770) 1D 2'*1* p(770) 1D 241 p(770) 1D

10°% a,(1320) 10% a,(1700) Nonres. comp.
N 107: T — Ol
O o °
§ | § | 8
> 10° — & 10% —
T f i %
r c

10°% 10%
I E Y R B I H Y R B 1%,
0.2 04 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

t [(Gevicy]

b= (79405) (GeV/c)~?

t [(Gevicy]
b= (73723) (GeV/c) 2

t [(Gevicy]

b= (13.619%) (GeV/c)2
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Comparison with COMPASS # 7t Data

Diffractively produced 77t

&, 2000
C. Adolph et al., PLB 740 (2015) 303 NG 3 4-(1320
> 1600F 2(1320) <
@ Clear a,(1320) peak v E s
2 1200 12 ¢
‘” 3 10} &
™ 800F st &
0 E [
0 3 S
‘T 400F <
e E
=) E
m O C 1 1 I\ L L

1 1.5 2 2.5 3 3.5 4 4.5
m(nm ) [GeV/c2]
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Comparison with COMPASS # 7t Data

++
Diffractively produced 77t~ %103 2
C. Adolph et al., PLB 740 (2015) 303 120 — ) ﬂ2(1320)
@ Clear a,(1320) peak 100F )
@ Dominant D-wave 80t

B O
o O
T
_
N
—~
—_
|
e}
(=]
2
-~

N
o o
T

| 1 1 15%° 1% e tacesbaannl 1

0.8 1.2 1.6 2 2.4 2.8
m(nm™ ) [GeV/cz]

Events / 40 MeV/c2
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Comparison with COMPASS # 7t Data
_ T n
Diffractively produced 17t~ B 7 .
C. Adolph et al.,, PLB 740 (2015) 303 [LeH Eoi — Z .%. > 5. LM
@ Clear a,(1320) peak , ~ "B ~

@ Dominant D-wave

Reanalysis with improved

resonance model
A. Jackura et al., PLB 779 (2018) 464

@ Analytical model based on
S-matrix principles
o Developed by JPAC
o Includes effects from
final-state interactions
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Comparison with COMPASS # 7t Data

Diffractively produced 77t i
C. Adolph et al., PLB 740 (2015) 303 =
@ Clear a,(1320) peak . ~
@ Dominant D-wave Lo 2128 i
Reanalysis with improved 120 |- ,
resonance model o0
A. Jackura et al., PLB 779 (2018) 464 z
N o 80 | i
@ Analytical model based on | =
. . . Z
S-matrix principles Z o0t .
o Developed by JPAC ] | |
o Includes effects from
final-state interactions 0r i
@ Process-independent pole s T
ang R I R T L b e S Al T g St J
positions of resonances I e e e
o 1 1 1 1
@ 2 poles: 1(1320) and “ o5 1.0 15 2.0 2.5 3.0
a,(1700) Vs [Gev]
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Comparison with COMPASS # 7t Data

a(1320) parameters in "
agreement =
From 71~ 71~ 7" analysis: . ~
mg = (1314.5 139) MeV /¢ Lo 210
= (106.6 73:3) MeV/c? .
[arXiv:1802.05913]
100
; 3
From 77 analysis: s
S 80
mo = (1307 £ 1 gt = 65ys.) MeV/c? =
w60
Iy = (112 £ 1 gt £ 8gys) MeV/c? g
=
A. Jackura et al., PLB 779 (2018) 464 @
v
20
T~ 0
S 3
5% 0
£8 -3
o I I I I
z 0.5 1.0 1.5 2.0 2.5 3.0
Vs [Gev)
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Comparison with COMPASS # 7t Data

a(1700) parameters T g

From 71~ 7t~ 7t" analysis:

= (1681 _35) MeV/c? P ar
Iy = (436 720 ) MeV/c? -x10%
[arXiv:1802.05913]

From 77t analysis:

mo = (1720 £ 10 gar. == 60 sys.) MeV/c?
= (280 £ 10gat. &= 705ys.) MeV/c?
A. Jackura et al., PLB 779 (2018) 464

Intensity/ 40 MeV

@ 4,(1700) masses in
agreement

@ Breit-Wigner width from
- T analysis

156 MeV CZ lareer 0.5 1.0 1.5 2.0 2.5 3.0
56 < / ge V. Vs [GeV]

Normalized
Residual
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Spin-exotic 1_+ 1+ (770) T P Wave [arXiv:1802.05913]

. . low #/
@ Shape of intensity s 1 p(770) P <15 T p(770) 1P
: . . 0.100 < t' < 0.113 (GeV/c)? [ 0.326 < t' < 0.449 (GeV/c)?
dIStrlbUtlon { Model curve L Model curve|
R r Ri
changes drama- g 4 | Noveoomn| & y Nones comp|
. . > >
tically with ¢/ g g
8 &
o Low t: mostly | < S T
2 o 2 I
non-resonant 5 3 r
e High t: mostly | = -0
711 (1600) L
05 25 0.5 1 15 25
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@ Large model i 248
: /
dependence high ¢
D x10° 1*1* p(770) TP %10° 11" p(770) TP
3 0449 < t <0.724 (GeV/c)? 1~ 0.724 < t <1.000 (GeV/c)?
Model curve L Model curve
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3 . | z | }
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m,, [GeV/c?] m,, [GeV/cd

Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS


http://arxiv.org/abs/1802.05913

Spin-exotic 1~ 1+

@ Shape of intensity
distribution
changes drama-
tically with ¢/

o Low #': mostly
non-resonant

o High #': mostly
71 (1600)

@ Large model
dependence

W

Resonance parameters

@ 711(1600)
mo = (1600 T5") MeV /c*
Iy = (580 73%) MeV /c?
@ PDG average
my = (1662 75) MeV /?
Iy = (241 +40) MeV /c?

’

Boris Grube, TU Miinchen

(770) 7t P Wave

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

/
low ¢t
11" p(770) P
0.100 < t' < 0.113 (GeV/c)?
{ Model curve

x10%

Resonances|
}l Nonres. comp.

0.5 25)

1 5 2
m,, [GeV/c?]

x10% I*1" p(770) TP
3 0449 < t <0.724 (GeV/c)?
Model curve
Resonances
Nonres. comp. }

0.5 al 15 2
m,, [GeV/c?]

25

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

[arXiv:1802.05913]

11 p(770) TP

0.326 < t' < 0.449 (GeV/c)?
Model curve|

Resonances|

3 * * Nonres. comp.

x10°

0.5 i 15 25
m,, [GeV/c?]
high '
x10° I*1" p(770) TP

10724 < t' < 1.000 (GeV/c)?
L Model curve
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[ Nonres. comp.
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Spin-exotic 1-t1+ p(770) T P Wave [arXiv:1802.05913]

@ Data at high #' cannot be described without 771 (1600) component
(dashed curves)

low # high #/ phase at high #/
<10° 11 p(770) TP x10P 11 p(770) TP [I*1" p(770) 7 P] - [1°°0° p(770) 77 S
0.100 < t' <0.113 (GeV/c)? 1 0.724 <t < 1.000 (GeV/c)? I \‘ [724 < t' < 1.000 (GeV/c)?
Model curve Model curve 100 | J
{ Resonances Resonances | 1l |
g 4 + Nonres. comp. g Nonres. comp. Hﬂu
3 3 | |
= =
8 8
> 2
B %)
g g
= =
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Model for Non-resonant Component [arXiv:1802.05913]

Purely empirical parametrization for non-resonant components

b
m —m _ ’ 2\ 2
DR (3, t';b,co,01,¢2) = [—371 thr] g~ (tat+e t)g
Mnorm

@ My, = 0.5GeV/ ¢2 and #inorm = 1 GeV/ c?

@ g is breakup momentum of X — isobar + 7t
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Model for Non-resonant Component [arXiv:1802.05913]

Purely empirical parametrization for non-resonant components

b
m —m _ ’ 2\ 2
DR (3, t';b,co,01,¢2) = [—371 thr] g~ (cotert'+er %)q
Mnorm

@ My, = 0.5GeV/ ¢2 and #inorm = 1 GeV/ c?

@ g is breakup momentum of X — isobar + 7t

V.

Deck effect

Moo~ G —"
_ Tt

Ty

P
Ptarget / \\ Precoil

@ MC pseudodata generated according to model of Deck amplitude
based on ACCMOR, NPB 182 (1981) 269

@ Use partial-wave projections as non-resonant components
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Model for Non-resonant Component [arXiv:1802.05913]

@ Dashed curves: partial-wave projection of Deck model used as
non-resonant component

@ Good description of data
e Higher 711 (1600) yield at low ¢/

low t/ high #/
x10° 1*1" p(770) TP x10° 1I*1" p(770) mP
I 0.100 < t' < 0.113 (GeV/c)? 1 0.724 < t* < 1.000 (GeV/c)?
Model curve | Model curve
| k Resonances Resonances
g 4 k Nonres. comp. g | Nonres. comp.
3 3 P
= =
8 8
2 2
§o} §9]
z g
5 =

. 05 1 15 2 25
m,,. [Gev/c?] m,,, [GeV/c?]
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17T 0% £(980) 7t P Wave: A New a;(1420) Meson?

C. Adolph et al., PRL 115 (2015) 082001 and [arXiv:1802.05913]

@ Unexpected peak <103 170" £(980) & P
around 1.4 GeV/c? 30__ 0.100 < 7' < 1.000 (GeV/c)?
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17T 0% £(980) 7t P Wave: A New a;(1420) Meson?

C. Adolph et al., PRL 115 (2015) 082001 and [arXiv:1802.05913]
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17T 0% £(980) 7t P Wave: A New a;(1420) Meson?

C. Adolph et al., PRL 115 (2015) 082001 and [arXiv:1802.05913]

x10° 17°0° £,(980) 7 P (170" f(980) 7 P] - [1"*0" p(770) x S]

o Unexpected Peak 0.100 < 7' <0.113 (GeV/e)® [0.100 <7 <0.113 (GeV/cy’
Model curve poar
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@ Small intensity: '
only 0.3 % relative
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I
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What is the Nature of the a;(1420)?

Proposed Explanations wit additional Resonance

Effect in production of a; (1260)?

@ Two-channel unitarized Deck amplitude + direct a1 (1260)
production Basdevant and Berger, PRL 114 (2015) 192001 and  [arXiv:1501.04643]
—
beam

Ptarget Precoil
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What is the Nature of the a;(1420)?

Proposed Explanations without additional Resonance
Effect in production of a; (1260)?

@ Two-channel unitarized Deck amplitude + direct a1 (1260)
production Basdevant and Berger, PRL 114 (2015) 192001 and  [arXiv:1501.04643]
—
beam

Ptarget Precoil

@ Phase motion around a1 (1260) instead around 1.4 GeV/c?

[1'°0" £,(980) & P] = [1''0" p(770) 7 §]

160 i il
140 ‘],:__UAO()S 20070 100 < 1' <0.113 (GeV/e)
§ - 0.095
9=-0.095 g
& 10 f==0:59 3"
\-Q,‘i 80 g
< 60 S of
< e
—100F
20
y=-0.08 . M(GeY)
’ L L L
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What is the Nature of the a;(1420)?

Proposed Explanations without additional Resonance

Effect in decay of a7(1260)?

@ Singularity in triangle diagram Mikhasenko et al., PRD 91 (2015) 094015
Aceti et al.,, PRD 94 (2016) 096015
K*(892) .-
v

——

a,(1260) K:\

~
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What is the Nature of the a;(1420)?

Proposed Explanations without additional Resonance

Effect in decay of a7(1260)?

@ Singularity in triangle diagram Mikhasenko et al., PRD 91 (2015) 094015
Aceti et al., PRD 94 (2016) 096015
K*(892) . a—>—7
o
—_— Y K*
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0.100 < t' <0.113 (GeV/c)’ 10° 170" £(980) 7 P
0.100 < ' <0.113 (GeV/e)®
% = _ _“élfil..iﬁili
S I 1(1420) Nonres. comp
8 |5(mf §> 9)
'? I(KH]E é’
z | £
L 500 E] 1
=
"_ L 1 L
05 1.5 25
my, [GeV/c?]

Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS



Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

Summary: Parameters of a;-like Resonances
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Resonance-Model Fit of 7= 7t~ 7™ Data [arXiv:1802.05913]

Summary: Parameters of 7r;-like Resonances

0.8
r 77,(1600)
s 11,(1670)
L 77,(1880)
0.6l . 77,(2005)
T
3
3 |
£ 0'4j ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
z | . n
L o
o2- 7
| ‘ | | ‘ | | ‘ | | ‘ | ‘
12 14 16 18 2
Mass [GeV/c?]

Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS


http://arxiv.org/abs/1802.05913

Conclusions and Outlook

Diffractively produced multi-body final states

@ Ideal laboratory to study hadronic resonances and hadron
dynamics
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Conclusions and Outlook

Diffractively produced multi-body final states
@ Ideal laboratory to study hadronic resonances and hadron
dynamics

<

Large data sets allow us to employ novel analysis techniques

o t'-resolved analysis: better separation of resonant and non-resonant

components

v
Non-resonant components play important role

@ Limit accuracy of resonance parameters

@ First studies based on Deck models are promising

@ Tight collaboration with theorists to improve analysis model

v

Other ongoing analyses

@ Pion diffraction into 7= %, 7%/, n~n’w, ...

@ Kaon diffraction into K=, ...

A\
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@ Shape and position i

of peak changes

significantly with
@ Fair agreement of

model with data

@ Large non-resonant [

component

o Large model
dependence
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[arXiv:1802.05913]

@ Shape and position
of peak changes
significantly with ¢/

@ Fair agreement of
model with data

@ Large non-resonant
component

o Large model
dependence
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Resonance parameters

@ Our result
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Model for Non-resonant Component [arXiv:1802.05913]

17+ 0" p(770) 70 S Wave

Intensity / (20 MeV/c?)

@ Dashed curves: partial-wave projection of Deck model used as

non-resonant component

@ Good description of data
o Different a7 (1260) yields
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1++ O+ p(770) TS Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted
M3, range

o Fit ' spectrum with simple model: Z;(#') = A; - (#)IM!. e bt

e Slope parameter bj
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1++ O+ p(770) TS Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted
M3, range
. Rl o —b;t’
@ Fit t’ spectrum with simple model: Z;(') = A; - (t)IMI. o=bi

e Slope parameter bj
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1++ O+ p(770) TS Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted

M3, range
bt
@ Fit t’ spectrum with simple model: Z;(') = A; - (#)IMl . g=bjt
e Slope parameter bj
a1(1260) a1(1640) non-resonant
10" p(770) S 10" p(770) S 10° p(770) S

108k a,(1260) L a,(1640) L Nonres. comp.
10° 10%
& [ el 3 I~ F
T 10' 5 T T
% r % 10°E 3 107k
g | g 8 |
S o) Wi s |
. T E
2 2 2
10°% [ [
E I I (0 10°

02 04 06 08 1 02 02 06 08 1 02 02 06 08

t [(Gevicy] t [(Gevicy] t [(Gevicy]
b= (11.8197) (GeV/c) 2 b= (7715%) (GeV/c)~2 b= (125121) (GeV/c)~2

Boris Grube, TU Miinchen Light-Meson Spectroscopy with COMPASS


http://arxiv.org/abs/1802.05913

1+

1+ p(770) TP Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted
M3, range

@ Fit t’ spectrum with simple model: Z;(t') = A, - (¢)Ml . =8t
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1+

1+ p(770) TP Components: t/ Spectra [arXiv:1802.05913]

@ For each t' bin: integrate intensity of wave components over fitted
M3, range
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Relative Phases of Wave Components [arXiv:1802.05913]

@ Approximately
independent of '

@ Consistent with
common
production
mechanism
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