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* The Constituent Quark Model predicts mesons as |gg) states

* QCD allows meson configurations beyond |gg) - so-called exotics:
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* Light non-strange |qq) states cannot make up states with
spin quantum numbers JF¢ = 077, even®™ ™, 0dd™*
* “Spin-exotic” mesons
* Direct access to find states beyond |gq) states ,
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 Lattice QCD predicts the lightest exotic in
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* Dominant decay to by

« 1™ % signals at 1.4 GeV/c? and

1.6 GeV/c? seen at COMPASS and other
experiments

* JPAC found single pole - m,(1600) -
sufficient for n')>r COMPASS data

Intensity [a. u.]

n
——

(\]
T T T T

10° 1~ resonances at COMPASS

L _+_ -
[| +

nn-

5 10 15 20

Mass [GeV/c?]



Spin-Exotic Light Mesons

10° 1~ resonances at COMPASS
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 Lattice QCD predicts the lightest exotic in
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* Single pole around 1.6 GeV/c?
* Dominant decay to by
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Experimental Setup

e Located at CERN SPS

* 190 GeV/c negative hadron
beam

* Various targets: SM1
* Liquid-hydrogen Target

* Heavy solid-state targets
« Pb, Ni — Primakoff reactions

(talk by D. Ecker, Thu. 17:20)

Muon Filter 2

Muon Filter 1

* Inelastic high-energy m™p =
Scatte rin g / >Telescope ECHI
* |sovector light mesons X~  Beam:
(a; and m;) 97% ™~
2% K~
1% p



Light-Meson Spectroscopy at COMPASS

Analyzed channels:
0.0

en n nt/n n'n
nn~/n'm”

e K mnt—
0

Strange-meson spectroscopy
(talk by S. Wallner, Thu. 14:00)

* WM T
Upcoming channels under study:

KK~ Search for ag(2450)

K K,m Investigate nature of a;(1420)
fim~  Search for m; states

K™

_ Strange mesons spectroscopy
Ap



Analysis of w(782)r ™ m°

* Overlapping and interfering X~ states

* my spectrum shows no clear peaks above
1.5 GeV/c?

* Disentangling the different contributions

requires partial-wave analysis

Talk by J. Beckers on Thu. 14:00: Progress in the Partial-
Wave Analysis Methods at COMPASS

 Partial-wave decomposition splits the
total amplitude in the different
contributions
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Partial-Wave Decomposition

e Exited meson X~ with quantum
numbers 0~ 0" is produced . J M 5
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Partial-Wave Decomposition

* Exited meson X~ with quantum bachflor
numbers 0~ 07 is produced . J M o

A
* Isobar model: X~ decays to wp(770),
where p(770) an unstable
intermediate state — the isobar
* P1 coupling between w and p(770)
0

* p(770) decaystonr™m

* second P1 coupling p

« i =0"0%[p(770)P] w P1



Partial-Wave Decomposition

* Exited meson X~ with quantum bachflor
numbers /¥ M€ is produced JPMe

* Isobar model: X~ decays to wé ™,
where {7 is an unstable
intermediate state — the isobar

* L, S coupling between w and ¢~

0

*¢{ decaystom™m
* second [, s coupling

e i = [P M€ [El]wLS




bachelor
71—_ 7T

Partial-Wave Decomposition X .

* Further decay channels of X

e V¢, m™ &Y /c\\

* Both decays have the same amplitude P P
bachelor
—> Coherently sum over both - — 0
isospin configurations ¢ ~, = &° .
e i = JP M€ [¢1] bachelor LS © -
« & either decays to wm or P .
p /‘\\ p



Partial-Wave Decomposition

e Coherent superposition of partial-waves:

e i = JPME€ [&l] bachelor LS

[(my,t',7) = | D Ty, by (m, )

with:
Mmy: mass of the w(782)m " n° system
t': squared four-momentum transfer

T: phase-space variables of the final state

p




Phase-Space Variables o M

40
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 7: Total of 8 phase-space variables
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Partial-Wave Decomposition

e Coherent superposition of partial-waves:
e i = JPME€ [&l] bachelor LS

I(mx, t’,T) =

* Decay amplitude ;(my, 7): calculated using the isobar model

2 g;(th t’)l/)i(mX' T)

12



Partial-Wave Decomposition

e Coherent superposition of partial-waves:
e i = JPME€ [&l] bachelor LS

I(th tlf T) — 2 g;(th t’)l/)i(mX' T)

* Decay amplitude ;(my, 7): calculated using the isobar model

* Transition amplitude 7;(my, t'):
= J:(my, t") contains production, propagation, and coupling of i
* No assumptions about the resonant content of X~

= Extract T;(my, t') by independent maximum-likelihood fits of I(7) in
bins of (my,t")



Partial-Wave Decomposition — Wave Set

2

* In principle: Infinite number of partial- I(my, t',7) = |Zj‘i(mx,t’)1/)i(mx,‘[)
waves I i
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Partial-Wave Decomposition — Wave Set

2

* In principle: Infinite number of partial- I(my, t',7) = |27‘i(mx,t')1/)i(mx,‘[)
waves I i

e Construct a wave pool of 893 allowed
waves by systematic constraints
« & > 1 p(770), p(1450), p3(1690)
« & - wm: b1(1235), p(1450), p3(1690)
- J]<8M<2L<8
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Partial-Wave Decomposition — Wave Set

* In principle: Infinite number of partial-
waves 1

e Construct a wave pool of 893 allowed
waves by systematic constraints
« & 5t p(770), p(1450), p3(1690)
« & - wm: b1(1235), p(1450), p3(1690)
«J<8,M<2L<8

* Wave set selected using regularization-
based model-selection
* Unique wave set for each (my, t") cell

2

I(mx, t’, T) = |z *71':(mX' t,)l/)i(mx, T)
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Conclusion and Outlook

* Resonance-like signals for many well-established states visible
* Clear peak for m1(1600) — b,(1235)n

* Possible signals for further states:
a3(1975), a;(2450), m; = p(770)w

* Next step: Resonance-model fit to extract resonance parameters
* First studies yield promising results

25
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Mesons in QCD

a >
a exotic
K& 25 —
% g 1,(2340) at (2450,
10} 2300, —_ 1,(2300) P,(2350
—_ P4(2250 f (2220,
(2150
S 1:(2010) - 2100) 14(2050)
£S5 1880) p(1900) 3,(2040)
— s X(1840)
p(1900) V‘w“SIO — _'
4 3T1800 - 0(1680) 1700, 20810) 1870) "J::Zg’ X(1835)
AN © eom— | — B[ 1700) dh— pl )
| n(1760 =—p700) {0 0 LUST0) e S
i ®(1650) a.(1640) 565 ®,(1670) x,(1600)
— | — f 1645
1.5 {1475 p(1570) h,(1595):1(1500) n,(1645)
. — — - { (1510)
—P(1450) .
J— 1450) | mmmmmm—n | e
W1405) 0(1420) ——rx 2(1450) :,((m 143 AN
| — S li,(1370) — a(1320 x,(1400)
(1295) o 1,(1285) | ———"a,(1320) !
(1300 b,(1235) — 1(1270)
. J— a,(1260)
| h,(1170)
1 1,(980)
1 0(1020) —
- n'(958) 8,(980)
w(782)
—
p(770) .
f — Experiment
0.5 | - = Need confirmation
] 1,(500)
n
0 T | T T I T I | T [ T |
— — - - ++ - —_— + —_— - 77
Je 0 1 7 0 1= 2% 2% 37 4% 57 % 17 7
(25+1) 1 3 1 3 3 3 1 3 3 3 3
L, S, 'S/b, P, P, P, "P/F, 'D, °D/G, FH, “G/l, "HiJ

* Many short-lived, exited states with similar masses

—> All possible intermediate states X for one final-state configuration

interfere

—>PWA necessary to determine contributions of certain X
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Kinematic Distributions - w(782)m~m°
» Total of 720,000 selected m~mw(782) events
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t’ Distribution - w(782)r~m°
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w(782) Selection - w(782)m~m°

e Reconstruction of w(782) from t~ 't decay

%10° COMPASS

<
N
[

Entries / 10 MeV/c?2
o
i

a,(1320)
0.1+ ' :
:ya)(782)
1 1 1 1 l 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2
m__,, [GeV/c?]



w(782) Selection - w(782)m~m°

e Reconstruction of w(782) from t~ 't decay

0+

* Select events with exactlyonemr m"m
+ 30, around the fitted m,
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Partial-Wave Decomposition

I(le t,, T) — 2 ﬂ(mX' t’)lpi(mX' T)

* Decay amplitude ; (my, 7): calculated using the isobar model

* T:(my,t") contains production, propagation, and coupling of
* No assumptions about the resonant content of X~

* Extract 7;(my, t") by independent maximume-likelihood fits of I(7) in
bins of (my,t")
« Approximate 7; by fitting step-wise constant functions in bins of (my, t’)
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w(782) Decay in PWA Model

* Factorisation of the decay amplitude

_ A A
Yi = lelpi,)(:’)awnnl/)wan b o
. 1/){1 v e calculated with isobar model

g A, _
* l/)a)—>3n — D(mw)DO |p+ X p |

* D(m,,) is the Breit-Wigner (BW) of w
. D(’)l“’ and [p* X p~| describe the orientation of w

and its P-wave Dalitz plot, respectively
* Both are independent of m,,
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w(782) Decay in PWA Model

* Problem: m, is only measured with limited
. x10° mbPG 2008
resolution _ Fi

= Intensity level: Convolution of BW with resolution 40— | — Signal
function =>m_, follows Voigt distribution - Background

= Convolution of the full intensity is not feasible

 Solution: Neglect self-interference of w as only
one -t combination has a large amplitude
= D(m,,) factorises out of the intensity:
I(my, t',7,m,) = [(my, t',7)|D(m,,)|?

= |D(m,,)|? is modelled as Voigt distribution with
parameters from fitted data

30_—

I Voigt distribution
20
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- t 1 l L 1 1 1 l 1 1 1
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|lsospin Symmetrization

X~ > & n%and X~ - &%~ have the same amplitude (modulo a
sign due to isospin Clebsch-Gordons)

= T;(my, t") is the same and we model the total decay amplitude as
1

1
Y, = +E¢i,€°n‘ - El/)i,f‘no
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Wave Selection

* Method used for 3w, 57 and Knmr Notation:
i =JPMe[El] b LS

* Modified log-likelihood with penalties:
e Cauchy regularization to suppress small waves
 Connected bins over my to smoothen T;(my)

* Wave pool: . / L
e <8 M<2,e=+
« ¢ > mm: p(770), p(1450), p3(1690)
* ¢ > wm: by(1235), p(1450), p3(1690)
e L <8
* 893 waves + flat wave

P




Flat Wave

* |sotropic in 5-body phase-space
* Used to describe background
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