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Constituent Quark Model

® |g7) quantum states, with g = u, d, or s

@ Organized in SU(3)ay0r NONEts
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Constituent Quark Model

Light mesons

® |g7) quantum states, with g = u, d, or s

@ Organized in SU(3)gayor NONetS

<

Quantum numbers

@ Quark spins couple to .

total intrinsic spin S = 0 or 1 51 * LA 5 *
@ Relative orbital angular Momentum L

and S couple to meson spin

J=L+S§
@ Parity: P = (—1)L1!

@ Charge conjugation: C = (—1)15
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Constituent Quark Model

Light mesons

® |g7) quantum states, with g = u, d, or s

@ Organized in SU(3)gayor NONetS

<

Quantum numbers

@ Quark spins couple to .

total intrinsic spin S = 0 or 1 51 * LA 5 *
@ Relative orbital angular Momentum L

and S couple to meson spin

J=L+S§
@ Parity: P = (—1)L1!

@ Charge conjugation: C = (—1)15

@ Forbidden JP€ combinations: 0~ —, even™—, odd—t
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Spectrum of Light Non-Strange Mesons

Light-Meson Frontier
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Spectrum of Light Non-S

Light-Meson Frontier
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Spectrum of Light Non-Strange Mesons

Light-Meson Frontier

@ Rich spectrum
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@ Search for exotic non-44 states
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Spectrum of Light Non-Strange Mesons

Light-Meson Frontier

@ Rich spectrum
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@ Understand QCD at low en-
ergies, i.e. nature of confine-
ment
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Spectrum of Light Non-Strange Mesons

Light-Meson Frontier

@ Rich spectrum
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Light-Meson Spectrum from Lattice QCD

State-of-the-Art Calculation with m, = 391 MEV/C2 HadSpec, PRD 88 (2013) 094505
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@ High towers of excited states
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Light-Meson Spectrum from Lattice QCD

State-of-the-Art Calculation with 712, = 391 MeV /2 HadSpec, PRD 88 (2013) 094505
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@ High towers of excited states

@ Hybrid-meson super-multiplet;
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Light-Meson Spectrum from Lattice QCD

State-of-the-Art Calculation with 7, = 391 MeV/c? HadSpec, PRD 88 (2013) 094505
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@ High towers of excited states

@ Hybrid-meson super-multiplet; lightest state with exotic J*¢ =1~
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Light-Meson Spectrum from Lattice QCD

State-of-the-Art Calculation with 7, = 391 MeV/c? HadSpec, PRD 88 (2013) 094505
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-
-
2500 -
- -
- - 27
2000 =
> 1+
p-
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‘7 (]4(\7 isovector

@ High towers of excited states
@ Hybrid-meson super-multiplet; lightest state with exotic J*¢ =1~
@ First prediction for partial widths of 1~ state HadSpec, PRD 103 (2021) 054502
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The COMPASS Experiment at the CERN SPS
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The COMPASS Experiment at the CERN SPS

- International collaboration

@ =~ 250 members from 22 institutes

@ 400GeV primary p beam from SPS on Be productlon target
@ 190 GeV secondary hadron beam
o h™ beam:97% m ,2% K~ ,1% p
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The COMPASS Experiment at the CERN SPS

C. Adolph, NIMA 779 (2015) 69

Experimental Setup

Fixed-target experiment

@ Two-stage spectrometer E / HCAL2

@ High-precision measurement of
charged-particle trajectories

@ Detectors for energy measure-
ment and particle identification

v
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Production of excited light Mesons at COMPASS

_ h
TTheam .
hy,
P
Ptarget Precoil
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Production of excited light Mesons at COMPASS

Example: =~ 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
7T 7T
beam g
i
P
Ptarget Precoil
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Production of excited light Mesons at COMPASS

Example: =~ 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
7T 7T
beam g
i
P
Ptarget Precoil

@ “Golden” channel
@ 46 x 10° 7~ 7 7rt events

o Ca. 10x more data than previous
experiments
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tion of excited light Mesons at COMPASS

Example: =~ 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
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71—+
\\ T
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Ptarget Precoil
. x10°
@ “Golden” channel S o4 2(1320)
6. — 4 T a,(1260)
@ 46 x 10° t~ 7t~ 7t events = }
o Ca. 10x more data than previous @ 03
; o [
rimen
expe iments Lﬁ 0.2; VTZ(lG?O)
@ Well-known 37t mesons appear in i
M3 sSpectrum o1l
L o R R BN
8s 1 15 2 25
m,, [Gev/c?]
v
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Production of excited light Mesons at COMPASS

Example: =~ 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004

TTheam — X" e ng

\\ f
Pl
Ptarget Precoil
@ “Golden” channel S0
B 3 10°
@ 46 x 10° 7t~ 7t~ 7t" events S s
o Ca. 10x more data than previous ie./ i
experiments P 108
. o 10°:
@ Well-known 37t mesons appear in -
M3 spectrum 102
10g
@ Squared four-momentum transfer
/ 2 g, ., wallns
0.1 <t <1.0(GeV/c) B S S S
t [(Gevicy]
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Production of excited light Mesons at COMPASS

Example: 7~ 7t~ 7t* Final State

TTheam

Ptarget

@ “Golden” channel
@ 46 x 10° 7~ 7 7rt events

o Ca. 10x more data than previous
experiments

@ Well-known 37t mesons appear in
M3 sSpectrum

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

@ Resonances in 77~ 7 subsystem

COMPASS, PRD 95 (2017) 032004
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Production of excited light Mesons at COMPASS

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
- B Bachelor
nbeam X T
0 Tt
P ¢ )
7T
Ptarget Precoil
. — x10°
Goal: disentangle all contributing resonances X S o4l ¢a2(1320)
>
o o N [}
@ Determine their mass, width, and quan- s a1(1260)l
Te]
tum numbers :w’ 0.3
5
@ 1670
0-2f VTZ( )
01-
L o dlonnnllononllooonns
85 1 15 2 25
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Production of excited light Mesons at COMPASS

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
- B Bachelor
TTheam X T
7-C+
Co
P -
Ptarget Precoil
. — x10°
Goal: disentangle all contributing resonances X S o4l ¢a2(1320)
>
@ Determine their mass, width, and quan- % P a,(1260) |
tum numbers | S o3
5 |
Method: partial-wave analysis (PWA) D, |T1670)
@ Exploits full kinematic information of [
measured final-state particles 0.1r
@ Amplitude analysis: takes into account 7
interference of intermediate states and I T Y m—ys
extracts phases my, [Gev/c?]
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Partial-Wave Analysis using the Isobar Model

Example: 7~ 7t~ 7t* Final State

TTheam

Ptarget

@ Spin-parity quantum numbers of
a resonance determine angular
distribution of daughter particles

COMPASS, PRD 95 (2017) 032004

Bachelor

7T

Co

7T

Precoil
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Partial-Wave Analysis using the Isobar Model

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
_ Bachelor
Theam X~ T
+
Co 7T
P T
Ptarget Precoil
g . Dipole
@ Spin-parity quantum numbers of =1
a resonance determine angular
distribution of daughter particles
@ Analogy: multipole radiation in Quadrupole e
classical electrodynamics J=2 [
Octupole
(J=3)
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Partial-Wave Analysis using the Isobar Model

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
_ Bachelor
Theam X~ T
7-C+
P ¢ i
Ptarget Precoil
g . Dipole
@ Spin-parity quantum numbers of =1
a resonance determine angular
distribution of daughter particles
@ Analogy: multipole radiation in Quadrupole 48
classical electrodynamics Jg=2 [
@ Determine spin-parity quantum
numbers of X and ¢ from mea-
sured angular distributions of Octupole
final-state particles (J=3)
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Partial-Wave Analysis: Isobar Model

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
Bachelor
- PC e
nbeam U M ] T
R
(:0

P _—

Ptarget Precoil

For ms, = const, 37t kinematic distribution is completely defined by

@ Quantum numbers of X
@ Orbital angular momentum L between ¢ and bachelor 7©

@ Isobar resonance { = model for m - .+ dependence of ampli-
tude; e.g. Breit-Wigner amplitude for p(770) — 7~ 7"
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Partial-Wave Analysis: Isobar Model

Example: == 7t~ 7" Final State COMPASS, PRD 95 (2017) 032004
Bachelor
- PC e
nbeam U M ] T
R
(:0

P _—

Ptarget Precoil

For ms, = const, 37t kinematic distribution is completely defined by

@ Quantum numbers of X
@ Orbital angular momentum L between ¢ and bachelor 7©

@ Isobar resonance { = model for m - .+ dependence of ampli-
tude; e.g. Breit-Wigner amplitude for p(770) — 7~ 7"

Partial wave: short-hand notation
JFCMEErL

@ Represents specific 5-dimensional kinematic distribution
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Spin-Exotic Mesons

@ States with J’¢ = 0, even',

o or odd " forbidden for |47)

@ Finding them would be unam-

Quar - —> Egl(l)cr)ltcllslgl;;)of for configurations
Hybrids e@A@ ‘q q g>

Glueballs 5 129)

Multi- .—.+._. ‘ qz qz >

quarks +
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Spin-Exotic Mesons

@ States with J’¢ = 0, even',

o or odd " forbidden for |47)
o @ Finding them would be unam-
_ —> biguous proof for configurations

Quar beyond [47)

_|_
fybrids - ene  [q43)

+ .
Q 71(1400): seenin 7
Glueballs € |gg> Q@ 11(1600): seenin p(770) 7, n'm,

T
. 2-2 b1(1235) 7, and f7(1285)7
Muld ‘q q > Q@ 711(2015) (needs confirmation):

quarks + seen in by (1235)77, and f;(1285)7
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Spin-Exotic Mesons

@ States with J’¢ = 0, even',

o or odd " forbidden for |47)

@ Finding them would be unam-

= biguous proof for configurations
Quar N > beyond |q7)
fiybrids @ne  |443)
+ .
Q 71(1400): seenin 7
Glueballs
T |gg> Q@ 11(1600): seenin p(770) 7, n'm,
. -2 b1(1235) 7, and f7(1285)7
Multi- o—@ —@ 2
Kk 4 ‘q q > Q@ 711(2015) (needs confirmation):
quarks . seen in by (1235)7, and f; (1285) 7
@ Allhave JP€ =1-+
@ Some claims are controversial
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Model for Partial-Wave Decomposition COMPASS, PRD 95 (2017) 032004

e 7 p)gMe] Bachelor
eam 7['_
0o
0
P ¢ -
ptarget Precoil

@ Wave set with 88 waves
e Spin Jup to 6
@ Orbital angular momentum L up to 6
e 6 isobar resonances: [7t7t]s, p(770), fo(980), f2(1270), f,(1500), and
03(1690)
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Model for Partial-Wave Decomposition COMPASS, PRD 95 (2017) 032004

Tt beam

ptarget Precoil

@ Wave set with 88 waves
e Spin Jup to 6
@ Orbital angular momentum L up to 6
e 6 isobar resonances: [7t7t]s, p(770), fo(980), f2(1270), f,(1500), and
03(1690)

@ Includes spin-exotic 1~ — p(770)7t P wave

11 Boris Grube, TU Miinchen Light-Meson Spectroscopy at COMPASS


https://dx.doi.org/10.1103/PhysRevD.95.032004

COMPASS, PRD 98 (2018) 0920

Spin-exotic 1~ — p(770) 7t P Wave

Lowest ' bin

@ Shape of inten- A 1 p(770) P
9 9 9 9 0.100 < t' < 0.113 (GeV/c)?
sity distribution | s e
Resonances|
changes dramati- [& 7 + Nonves.corm.
. (]
cally with #/ =
g
/. =
@ Low t": mostly non-| 2 2
5
resonant £
@ High #': mostly w .
05 1 15 2 25
71 (1600) m,, [Gev/c?]
Highest ¢’ bin
<10° I"*1* p(770) & P
10.724 < 1' < 1.000 (GeV/c)
L Model curve
—~ Resonances
& [ Nonres. comp.
s |
= L
(=3
< ost
05 25
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@ Shape of inten-
sity distribution
changes dramati-
cally with #/

@ Low t": mostly non-

resonant
@ High t': mostly
11 (1600)

Spin-exotic 1=+ — p(770) 7t P Wav

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

Boris Grube, TU Miinchen

Lowest ' bin
x10° 1*1" p(770) TP
0.100 < t' < 0.113 (GeV/c)?
Model curve
{ Resonances|
}l Nonres. comp.

oL
05 1 25
x10% 1I*1" p(770) mP

3 0449 < t <0.724 (GeV/c)?

Model curve

Resonances

Nonres. comp. } *
oL
05 1 15 2 25

m,, [GeV/c?]

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

COMPASS, PRD 98 (2018) 0920

5

I*1 p(770) TP

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

* Nonres. comp.

x10°

2 25

05 1 15
my, [GeV/cY
. / .
Highest t' bin
«10° 171 p(770) 7 P
1IF0.724 < 1' < 1.000 (GeV/c)*
| Model curve

Resonances
[ Nonres. comp.

05 1

15 25
my, [GeV/c?]
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@ Shape of inten-
sity distribution
changes dramati-
cally with #/

@ Low t": mostly non-

resonant
@ High t': mostly
11 (1600)

Resonance parameters

@ 711(1600)

my = (1600 731°) MeV/c*

Iy = (580 73%) MeV />

@ Large systematic
uncertainties

Spin-exotic 1=+ — p(770) 7t P Wav

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

Boris Grube, TU Miinchen

Lowest ' bin
x10° 1*1" p(770) TP
0.100 < t' < 0.113 (GeV/c)?
Model curve
{ Resonances|
}l Nonres. comp.

oL
05 1 25
x10% 1I*1" p(770) mP

3 0449 < t <0.724 (GeV/c)?

Model curve

Resonances

Nonres. comp. } *
oL
05 1 15 2 25

m,, [GeV/c?]

Intensity / (20 MeV/c?)

Intensity / (20 MeV/c?)

COMPASS, PRD 98 (2018) 0920

5

I*1 p(770) TP

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

* Nonres. comp.

x10°

2 25

05 1 15
my, [GeV/cY
. / .
Highest t' bin
«10° 171 p(770) 7 P
1IF0.724 < 1' < 1.000 (GeV/c)*
| Model curve

Resonances
[ Nonres. comp.

05 1

15 25
my, [GeV/c?]

Light-Meson Spectroscopy at COMPASS


https://doi.org/10.1103/PhysRevD.98.092003

Spin-exotic 1_+ — p(770)77fp Wave COMPASS, PRD 98 (2018) 0920

Lowest t’ bin

x10° I*1 p(770) mP
0.100 < t' < 0.113 (GeV/c)*
Model curve|
B } Resonances|
K‘g 4 }[ Nonres. comp.
3
=
=3
o
2
2 2
g
£
05 1 15 2 25
m,, [GeV/c?]
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Spin-exotic 1= — p(770)7 P Wave

Intensity / (20 MeV/c?)

COMPASS, PRD 98 (2018) 092003

Lowest ' bin Highest ' bin
x10° 1T*1° p(770) TP x10°8 11" p(770) TP [T*1* p(770) 7T P] - [1*0" p(770) S|
0.100< t' < 0.113 (GeV/c)? 1 0.724 < t < 1.000 (GeV/c)? I ~‘ V24 < t' < 1.000 (GeV/c)?
Model curve| Model curve 100
} Resonances| Resonances } *
4 }[ Nonres. comp. g Nonres. comp. HH fl
3 | | [
: |
&
= 05 |
2 z
g U
1=
i 1 PRI B

05 1
m,, [GeV/c?]
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@ Data at high #' cannot be described without 711 (1600) component J
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Spin-exotic 1= — p(770)7 P Wave

Intensity / (20 MeV/c?)

COMPASS, PRD 98 (2018) 092003

Lowest ' bin Highest ' bin
x10° 11" p(770) TP x10° I*1" p(770) TP [l *1* p(770) mP] - [1*0" p(770)
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t'-resolved analysis

@ 711(1600) masked by non-resonant component for ' < 0.5 (GeV/c)?
@ Solves long-standing puzzle of seemingly contradictory BNL E852

@ Data at high #' cannot be described without 711 (1600) component

(dashed curves)
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BNL E852 Results on 7r1(1600) — p(770) 7 explained

18.3GeV/c t~ beam on p target
E852, PRL 81 (1998) 5760

x103 1 1%p(770)xP
ol { BNL E852 = BNL E852 leakage
< 71 (1600)?
>
Q
=
=)
NS
~
2
=
(53
>
m
4
%‘++¢++ §
0 A "
0.5 1.0 1.5 2.0 2.5

max [GeV/c?]
@ 2.5 x 10° events

@ 0.05 <t <1.0(GeV/c)?
@ PWA: 21 waves
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BNL E852 Results on 7r1(1600) — p(770) 7 explained

18.3GeV/c t~ beam on p target

E852, PRL 81 (1998) 5760 E852, PRD 73 (2006) 072001
x103 1 1*p(770)x P x10% 1~ 1*p(770)nP
2t Q BNLE852 == BNL E852 leakage 10+ © Dzierba et al. 0189 < t' < 0.220 (GeV/c)?
) 71 (1600)? & No 711 (1600)?
> >
Q Q
= = j{ }
(=] (=]
T} S os H HHH \
H A
s C
0 : : 0.0 : : -
0.5 1.0 15 2.0 25 0.5 1.0 1.5 2.0 25
msx [GeV/c?] maq [GeV/c?]
@ 2.5 x 10° events @ 2.6 x 10° events
@ 0.05 <t <1.0(GeV/c)? @ 0.08 < t' < 0.53(GeV/c)?
@ PWA: 21 waves @ PWA: 36 waves
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BNL E852 Results on 7r1(1600) — p(770) 7 explained

18.3GeV/c t~ beam on p target
E852, PRL 81 (1998) 5760

x103 —*1*p(770)xP
X ¢ BNLE852 ~ BNL E852 leakage
¢ COMPASS (21 waves),
tﬁ 4
S
> .
> .
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2
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0.5 1.0 1.5 2.0 2.5

max [GeV/c?]
@ 2.5 x 10° events

@ 0.05 <t <1.0(GeV/c)?
@ PWA: 21 waves

@ COMPASS data reproduce previous findings

E852, PRD 73 (2006) 072001
x10% 1 1*p(770)xP

10+ ¢ Dzierbaeral. ¢ COMPASS (36 waves)
§
8 i i
= W1 LH
Sos H \
gz # m J

SR {
0.0 .mu"m’ s s %A%{"w""«"q’.

0.5 1.0 15 2.0 25
max [GeV/c?]

@ 2.6 x 10° events
@ 0.08 <t <053 (GeV/c)2
@ PWA: 36 waves

[arXiv:2108.01 744]J
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Model Dependence of the 7'(1(1600) Slgnal'? [arXiv:2108.01744]
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Ptarget Precoil

@ Conventional PWA requires complete
knowledge of ¢ — 77~ 7+ amplitude
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Model Dependence of the 7'(1(1600) Slgnal'? [arXiv:2108.01744]
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e Employed parametrization for am-
plitudes of p(770) isobar might
deviate from data
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Model Dependence of the 7'(1(1600) Slgnal'? [arXiv:2108.01744]
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@ Conventional PWA requires complete

knowledge of ¢ — 7~ 7" amplitude 04 06 08 10 12 14
Myt [GeV/c2]

e Employed parametrization for am-
plitudes of p(770) isobar might

deviate from data 1of
@ Novel technique: “freed-isobar” PWA osf
Krinner et al., PRD 97 (2018) 114008 NE o6l
@ Replace fixed isobar parametriza- = oal
tions by step-like functions '
o Extract isobar amplitude from data 02 HHHHHHHHHHHHHHI
@ Reduced model dependence 00N 0 08 10 12 14

Myt [GeV/c2]
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Model Dependence of the 7'(1(1600) Slgnal'? [arXiv:2108.01744]
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e Employed parametrization for am-
plitudes of p(770) isobar might
deviate from data Lof _
@ Novel technique: “freed-isobar” PWA osh
Krinner et al., PRD 97 (2018) 114008 g ol
@ Replace fixed isobar parametriza- = oal
tions by step-like functions
o Extract isobar amplitude from data 02
@ Reduced model dependence 0.0 L L s
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7ttt Amplitude in 1= — [rtrt)— + 7t

0.326 < t < 1.000 (GeV/c)? [arXiv:2108.01744]

0326 < < 1.000(GeV/cy? 11" [xnli—xP

201

xm‘

= 71(1600)
Lot
>

(5]
<)

& L

& (770)

0.5r

0.5 0 25

M3, [GeV/C ]

@ Intensity peak at m3, ~ 1.6GeV/c? and m,; .+ ~ 0.8GeV /c?
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7ttt Amplitude in 1= — [rtrt)— + 7t

0.326 < t < 1.000 (GeV/c)?

[arXiv:2108.01744]
0.326 < ' < 1000 (GeV/c)* 1=+ 1* [xn] 7P x10° 1.58 < ms, < 1.62GeV/c® 17*1*[n] 7P 1.58 < my, < 1.62GeV/c? 1= 1* ], —nP.
t Freed-isobar PWNA  — Fixed paramelrization — Freed-isobar PWA | — Fixed parametrization
400
201 0326 < ' < 1.000 (GeV/c)® 0.326 < 1 < 1.000(GeV/c)?
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@ Intensity peak at m3, ~ 1.6GeV/c? and m,; .+ ~ 0.8GeV /c?

@ Clear p(770) signal: peak in intensity + circular structure in
Argand diagram
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7ttt Amplitude in 1= — [rtrt)— + 7t

0.326 < t < 1.000 (GeV/c)?

[arXiv:2108.01744]
0.326 < 7 < 1.000(GeV /c)® 1= 1*[xn], 7P X105 1.58 < m3; < 1.62GeV/c? 1= 1* ], 7P 1.58 < my, < 1.62GeV/c? 114 ] P
} Freed-isobar PWA  — Fixed parametrization 400 [ Freed-isobar PWA™ T — Fixed parametrization
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@ Intensity peak at m3, ~ 1.6GeV/c? and m,; .+ ~ 0.8GeV /c?
@ Clear p(770) signal: peak in intensity + circular structure in
Argand diagram
v

@ p(770) parametrization used in conventional PWA agrees fairly
well with measured amplitude of 7~ 7" subsystem
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Comparison with Conventional PWA

Coherent Sum over full m - .+ Range
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Highest ¢’ bin
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@ Freed-isobar PWA confirms existence of 7r1(1600) — p(770) 7 |
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Spin-exotic 1~ — p(770)7 P Wave

Model for the Non-Resonant Component

Dominant non-resonant amplitude: Deck effect

Ptarget /

@ MC pseudodata generated
amplitude

e Upper vertex: amplitude from 77t scattering up to F-wave
Hyams et al., NPB 64 (1973) 134

@ Partial-wave decomposition using same 88-wave set as for real

data

\ Precoil

according to simple model for Deck
based on ACCMOR, NPB 182 (1981) 269
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Spin-exotic 1~ — p(770)7 P Wave

Model for the Non-Resonant Component [arXiv:2108.01744]
Low t/ High '
x103 1= 1*p(770)7P %10 1=+1*p(770)2P
0.100 < ¥ < 0.113 (GeV/c)? 0449 <7 < 0.724 (GeV/c)?
¢ Deck MC — Non-res. component 4 Deck MC — Non-res. component
e @ Data % —_ O Data +
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> v 6 §
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@ Deck intensity normalized to intensity of non-resonant compo-
nent in resonance-model fit for ' < 0.5 (GeV/c)?
@ Similar shape of mass spectra for t' < 0.5 (GeV/c)?
o Different shape at high ¢’
”
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Light-Meson Spectroscopy at COMPASS
Summary and Outlook

COMPASS has acquired high-precision data sets on pion diffraction

@ Performed most detailed and comprehensive PWA of m~ 7~ 7t
and ()7t so far

@ Studied 11 resonances of a; and 7t; families = PDG 2019
@ Confirmation of disputed 771 (1600) — p(770)7
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Light-Meson Spectroscopy at COMPASS
Summary and Outlook

COMPASS has acquired high-precision data sets on pion diffraction

@ Performed most detailed and comprehensive PWA of m~ 7~ 7t
and ()7t so far

@ Studied 11 resonances of a; and 7t; families = PDG 2019
@ Confirmation of disputed 771 (1600) — p(770)7

V.

Ongoing search for exotic mesons

@ Analyze additional final states, e.g.
0w (782)

oty

o njFlI?‘gKi

@ Tight collaboration with theorists to improve analysis model
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Light-Meson Spectroscopy at COMPASS
Summary and Outlook

COMPASS has acquired high-precision data sets on pion diffraction

@ Performed most detailed and comprehensive PWA of m~ 7~ 7t
and ()7t so far

@ Studied 11 resonances of a; and 7t; families = PDG 2019
@ Confirmation of disputed 711 (1600) — p(770)7

V.

Ongoing search for exotic mesons

@ Analyze additional final states, e.g.
0w (782)

Tty

T rer(I_<“§I<jE

@ Tight collaboration with theorists to improve analysis model

V.

Detailed study of kaon spectrum

o Diffraction of K~ beam on p target into K37~ K-~ ...

<
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Backup Slides

e Deck model in high-spin waves

@ :1(1600) in yrand '
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Model for the Non-Resonant Component [arXiv:2108.01744]

High-Spin Waves

Low ¢t/ High t/
x100 40" p(TTOE <103 470 p(T70)7F
0.100 < 7 < 0.113 (GeV/c) 0.449 < ' < 0.724 (GeV/c)?
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e o
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0 ferreaty s L 9o o A N L
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@ Deck intensity normalized to intensity of non-resonant compo-
nent in resonance-model fit for t' < 0.5 (GeV/c)?

e Similar shape of mass spectra for full #’ range
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Model for the Non-Resonant Component [arXiv:2108.01744]

High-Spin Waves

Low ¢t/ High t/
%103 , 6~0'p(770)mH «10? 60" p(770)xH
0.100 < ¢ < 0.113 (GeV/c) 0.449 < ' < 0.724 (GeV/c)?
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@ Deck intensity normalized to intensity of non-resonant compo-
nent in resonance-model fit for t' < 0.5 (GeV/c)?

e Similar shape of mass spectra for full #’ range
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JPAC Coupled-Channel Analysis of 77t and 1’7t

Rodas et al. [JPAC], PRL 122 (2019) 042002
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JPAC Coupled-Channel Analysis of 77t and 1’7t

Rodas et al. [JPAC], PRL 122 (2019) 042002
nrT: 2+t 1—+ A(j)(l”r — 2**)

x10° x10° =
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@ Partial-wave amplitudes from COMPASS PLB 740 (2015) 303

@ Analytical and unitary model based on S-matrix principles
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JPAC Coupled-Channel Analysis of 77t and 1’7t

Resonance Pole Parameters Rodas et al. [JPAC], PRL 122 (2019) 042002
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@ Only single 1~ "-wave pole required to describe peaks at
1.4 and 1.6 GeV /c?
v,
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JPAC Coupled-Channel Analysis of 77t and 1’7t

Resonance Pole Parameters Rodas et al. [JPAC], PRL 122 (2019) 042002
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@ Only single 1~ "-wave pole required to describe peaks at
14 and 1.6GeV/c?

my = (1564 & 24 tar, =+ 865ys.) MeV /c?

Ty = (492 + 54 gar, £ 102y ) MeV/c?

Consistent with 71 (1600)

First measurement of pole parameters of 711 (1600)

Boris Grube, TU Miinchen Light-Meson Spectroscopy at COMPASS


https://doi.org/10.1103/PhysRevLett.122.042002

JPAC Coupled-Channel Analysis of 77t and 1’7t

Resonance Pole Parameters Rodas et al. [JPAC], PRL 122 (2019) 042002
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@ Only single 1~ "-wave pole required to describe peaks at
1.4 and 1.6 GeV /c?

my = (1564 & 24 tar, =+ 865ys.) MeV /c?

Ty = (492 + 54 gar, £ 102y ) MeV/c?

Consistent with 71 (1600)

First measurement of pole parameters of 711 (1600)

@ Raises doubts about existence of 711 (1400)
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The 71;(1600): Three Sides of the Same Coin
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The 71;(1600): Three Sides of the Same Coin
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