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o) Brief Overview

-l

* Introduction

e Data-set and PWA analysis
— Method and Analysis Model
— Results

» Light meson resonances revisited

« Anew meson a (1420)

« How to observe decay dynamics

— Example: it S-wave extraction
 Role of ,(980)

e Radiative meson-decays
e Conclusions
» Left out: Central production, Photo production, nw, n‘m, nn..
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From Quarks to Hadrons

e Hadron: colour neutral system of quarks
— Baryon (qqq)

— Meson (qq) w g
e At small energy scales
— QCD not analytically solvable

— Effective degrees of freedom: constituent quarks
Coupling quarks with gluon field (99% of p-mass)
m,=my= 310 MeV/c? ; m_= 485 MeV/c?

Use effective potential ¢ v

p ¢ m

. . Proton Anti-
— Use symmetries flavour, spin,colour R

. . . Vi u u

build ,Periodic table‘ of hadrons ) ~©

Neutron Lambda
»’ »©



From Quarks to Hadrons

e Hadron: colour neutral system of quarks * effective qq potential
— Baryon (qqq) ‘
— Meson (qq) &3

e At small energy scales :
— QCD not analytically solvable

— Effective degrees of freedom: constituent quarks
Coupling quarks with gluon field (99% of p-mass)
m,=my= 310 MeV/c? ; m_= 485 MeV/c?

Use effective potential

— Use symmetries flavour, spin,colour
build ,Periodic table‘ of hadrons

— Classify into multiplets

Hadron masses are sum of quark masses c
Y
|

— Use hyperfine-interaction (spin-spin interaction) mass
spectrum surprisingly well described



Constituent Quark Model Mesons

Spin-Parity selection rules for boundgg 'system
® Quark spins couple to total intrinsic spin §
S = 0 (singlet) or S=1 (triplet)

® Relative orbital angular momentum L couples with total spin S'to J

Meson spin: j = [_: 4 S




Constituent Quark Model Mesons

Spin-Parity selection rules for boundgg 'system

® Quark spins couple to total intrinsic spin §
S = 0 (singlet) or S=1 (triplet)

® Relative orbital angular momentum L couples with total spin S'to J
Meson spin: j = [_: 4 S
e |sospin: / = I for u,d quarks, /=0 for other quarks
I (u)=1%
[ (d)=—%
light Mesons: [ =0or 1

other Mesons: [ =0 or %

P — (_ 1)L+1

L+S
e Charge conjugation: C=(-D
GG mml, _ 1 I+L+S
* G-parity: =C-e™ =(-1)

e Parity:



Constituent Quark Model [l Mesonen @

==

* Allowed JP¢ combinations:
L =0 — pseudo-scalar 0-*, Vector 1~

L =1 — scalar 0™*, axial-vector 17, 1"" and tensor 2**
e Forbidden JP¢ combinations: 0, 0*-, [-*, 2, 3% .....

e Same guantum numbers mix



COmmon Muon and Proton Apparatus for Structure and Spectroscoj
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. Secondary hadrons (=, K, ...): 2:107/s
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o  The COMPASS Experiment

ECAL2
HCAL2

CERN SPS

Hadron beam:

190 GeV/cm, K, p

5-107 particles/SPS-spill

60 days data taking 2008
Trigger: RPD hit, beam veto

Muon Filter 2
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m\ Light Mesons, Quarks and Gluons

= Quark model mesons (u, d, s quarks)

= Glueballs (gluons and no valence
quarks)

= Multiquarks (quark-antiquark pairs) @
= Hybrids (quarks and gluonic excitation,
which contribute to static properties) m

Klempt Zaitsev Phys Rep 454 (2007
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Normal mesons

K,*

fo

taken from
Mike Pendlebury
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o"sConstituent Quarks and Mesons

Spectrum of light mesons:
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o Constituent Quarks and Mesons
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C. Amsler et al, Phys. Rept. 389, 61 (2004)
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o Constituent Quarks and Mesons

$ v=n+L-1
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o"sConstituent Quarks and Mesons
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oy Kinematics for today

i

T 7T
]PCME
T
g
P/R Tt
p p

grid of t’ used
Am: 20 MeV/c?
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Kinematics and Isobars
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m2, . of the £+ Subsystem (GeV*/c?)
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First Impressions
Motivation for Isobar Model
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after PWA
mf, N i

Fl_.at wave

() 7@

Tm
Art taken from Urs Wehrli: “Kunst aufgeraumt” Exzellenzcluster Universe JEg
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P - NN . .
Cnm) Partial wave analysis

—

What is PWA ?

Describe population in 5-dimensional phase space in sttt by model

* Define a set of quantum numbers J7¢
_, | * Define a set of possible decay channe“;{;,cr each JI¢
é' (X- — isobar + m; isobar—mw ) : wa (\ée(\ s used)
— each such “wave” has a pre--' deqepopulation in phase space
— each wave may have 365 .+ J described by quantum number M
e For each bin of 20 MeV/c2 mass of 7ttt determine which coherent
combination of waves fits distribution best
e Obtain spin-density matrix
% * Describe spin density matrix (s’ e(\’&y‘\‘, by model containing
@ resonances and non-resr: 6696(\ .ributions connecting all mass bins
 Determine resonanc y]\’as aimeters Exzellenzcluster Universe JTE%‘,E




t dependence of
- mass distributions

low t
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x, t dependence of
mass distributions
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Waves involving f,(980)
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Waves involving f,(980)

Number of Events / (20 MeV/c¢?)
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x Waves involving [mrt].

t-retre- and st

140" £,(980) 7 P

I COMPASS 2008 (v p—(37) p)
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-m Model for Spin Density Matrix

i

Describe the results obtained independently in different mass bins by a model
* select physics contributions
e fit to spin density matrix (not only to simple mass spectra)

Resonance Deck

Two types of contributions o

Exzellenzcluster Universe ;



Use only lowest M = 0,1 waves (so far)
This work: 4 waves

Model:
2" 1"pmw D 2 resonances : a,(1320) and a,” +
4+ 1+ p T G 1 resonance : a4(2040) +

1+ 0+f0(980) P 1resonance :a (1420) +

JPCMeisobar|mL

— 133 free parameters

— fix BW resonance parameter for all 11 bins of t°

o, Mass-dependent fit (simple)

experts only

Exzellenzcluster Universe
MU



) New Observation: a,(1420)

. x10 %x10° x10°
U250 17707 £(980) m P i 6\; 17 2**1* p(770) n D @\J -4 p(770) G #,
% : 01 < [’< 10 (GeV/C) % : 01 < tr< 10 (Gev/c)z % 25; 01 < t,< 10 (Gev/c)2 +
= 200 (1) Model curve S o8- (1) Model curve S 7 (1) Model curve
8 i (2) a,(1420) resonance = (2) a,(1320) resonance S 20i (2) a,(2040) resonance
~ L (3) Non-resonant term gt (3) Non-resonant term Z “L (3) Non-resonant term
2 15 2 0.6 > |
I 2 | 215
= 101 E 04F N
5} 0.2; (1) Si
i ) 4 : 2 -
0»7 T (L/F 11 1\;1 [ R i 4\\ L‘J .1 T'x 1‘1 | 1 Ok L ‘(:‘)’)‘ |, T ST TS Ok 4--1‘:1»:.3;:; | I B TR
1 12 14 16 18 2 22 1 12 14 16 18 2 22 I 1.2 14 16 1.8 2 2.2
m, . [GeV/c?] my [GeV/c?] m, [GeV/c?]
20200F 170" =T &0 [ 1++n+ et
ﬁlsog—l 07 £ (980) P - 1 0+.?+(??0)JES gm__l 0" £(980) = P - 4"*1" p(770) n G
2100 #0041 Observation: g | T
i o sttt LA & 100
™ 500 Ay v Pfq{jl‘;afi o Decayonly: [f,(980)] = P RS
0 UL o Mass 1413+ 155 13 MeVie? of
=50F o | . K

T | o Width: 157 £8 £ 23 MeV/c? ~
-100F el ~100F
~150F p :

i B —+-0.100< £ <0.113 (GeV/c)’ i 0100 < #'<0.113 (GeV/c)?
-2005” T+ 0.164 < 1 <0.189 (GeV/e)’ -200- +0.164 < ' <0.189 (GeV/c)’
2500 'i:* + 0445]\< t'<| 0. 'a'?.4[(GeW]c)2 ) |- 0449<1'<0724 (GCVJ"C)?'

I 12 14 16 1.8 2 22 1 1.2 14 16 1 8 2 2_2
m,, [GeV/c?] ms, [G
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Q-0

G a,(1420) and Production

e Various explanations proposed for interpretation:
— Dynamics
« Interference of a,(1260) with Deck amplitude (A¢ = 180° shifted by 100 MeV)
e triangular anomaly coupling a,(1260) — KK* — KKt and KK«=>f,(980) (A = 90°) (see talk

Mikhasenko)
« Requires same t” dependence for a,(1260) and a,(1420)

— Molecular structure
« Partner of f,(1420)

R 10" £(980) = P « At present: slope difference Ab is 2 units
210° 1.3 <my, <1.6GeV/c2
> F
é) F a,(1420) resonance
= e Uncertainty in extraction of resonance in
Z10°E ++ _ . .
g0 1™ prt S-wave gives uncertainty for b, ;560
= L
10*
\ Tum
1001 0.2 0 3 04 O 5 0 6 0 7 0 8 O 9 1 Exzellenzcluster Universe |Mu

r T~ x77 A\21
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»

Fitin 11 t-bins
11o* 1,(980) = P

ag

0.100 GeV¥/c” < t' < 0.113 GeV/c?

0113 GeV/e? < t < 0.127 GeV/c?

>

©p — nr'rp (COMPASS 2008)
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Reference
waves

COMPASS “Holography”

110" p(770) 1S 12''1" p(770) x D

—
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np — nrrp (COMPASS 2008)
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Mass-independent Fit
Mass-dependen; Fit
Resonances
Non-resonant Terms

o Lo

Centered Phase (deg)
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o) COMPASS “Holography”
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ALY COMPASS “Holography”
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Mass dependent fits

Fitin 11 t-bins t

1170* p(770) = S > Tp — TE'Tp (COMPASS 2008)
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Mass dependent fits a, (1320
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) What about the building blocks

 We have solved a puzzle — but were the building blocks correct
?
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Resonances
- ﬂ:"‘
> |
-
| <
e

« Select./ via PWA

« For each /" and mass-bin in 37 :
— determine composition and shapes of 27t isobars
— complex couplings
— non-resonant contributions (via >-dependence)

Exzellenzcluster Universe




) Isobars: [rt]

Phys. Rev. D35 1633, Au, Morgan, Penmington
continuum - [str]c 1,(980)

fixed functional form — variable intensity/phase (2 parameters)
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o) Isobars: [mtrt]

continuum - [str]c 1,(980)

fixed functional form — variable intensity/phase (2 parameters)
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o Isobars: [mtrt]

replaced by ONE [ni]” histogram with n-bins
(2n parameters determined by fit)
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Isobars: [mtrt]

replaced by ONE [ni]” histogram with n-bins
(2n parameters determined by fit)
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Isobars: [rt]

replaced by ONE [ntz]" histogram with n-bins

(2n parameters determined by fit)

£,(980)

3 0™ — [ g S
at m(1800)

£,(1500)
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m, .. [GeV/c2

m___. [GeV/c?]
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on?nd What about mtzr S-wave phase shifts ?

Extracting mm S-wave phase shifts : not trivial
— Additional phases arise from
* Deck effect (non-resonant)

* 37 phase w.r.t to reference

* Phase due to ,third” &t (rescattering effect)
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o™y Summary

e Establish new “2D” fit method to perform PWA in m,_and t

— Allows to “separate” non-resonant and resonant production
— Cleaner access to resonances

« Find new iso-vector state a,(1420)
— M,y 1420) = 1412-1422 MeV/c? , T, 145 = 130-150 MeV/c?

— (exclusive) decay into f,(980)w in relative P-wave

— Nature of a,(1420) ?
Isospin partner of f,(1420) (considered to be exotic) ?
Dynamically generated through a,(1260) <> KK* < f, (980)r channel ?
Interference of a,(1260) with non resonant amplitudes ?
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oMy  Summary — Analyses Concepts

- -~

 Developed new methods to establish shape of isobar-spectrum
— first application: [mm],":
« Shows strong dependence on m,_and on JP¢ of mother wave

* Reveals information on scalar isobars (measure phases in decays)
— Extend to “all” isobaric systems

|H

Open Path to Dalitz-plot analysis using PWA
from PWA identified states

Needs high statistics !!

 New mindset for analysis : include production amplitudes (non-resonant)
* Include relativistic effects into amplitudes

 New (CPU intensive) methods to determine systematics on resonance
parameters
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