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Naive Constituent Quark Model

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

—

@ Relative orbital angular momentum L
and total spin S couple to
meson spin J =L+ S
e parity P = (—1)""
@ charge conjugation C = (
o forbidden JC:
0~—, 0t ,17F, 2=, 37F ...

L

71)L+5
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Naive Constituent Quark Model

@ Quark spins couple to t
S =0 (singlet) or 1 (tri

@ Relative orbital angular
and total spin S couple
meson spin J =L+ S

. L+1

@ parity P = (—1)

@ charge conjugation C =

o forbidden JC:
0-—,0t~, 17, 2",3
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J.Dudek, Phys.Rev.D84 (2011) 074023

Beyond the CQM: i.e. lattice QCD

isovector states

@ prediction of states outside CQM

@ hybrid candidate (qgg)

o lightest candidate in 1=+

in addition:

o (isoscalar) glueballs

@ pure glue

@ quantum numbers

JEC ottt L.
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COMPASS

central production

@ glue-rich environment

diffractive dissociation @ scalar resonances
o light meson spectrum ECAL2
HCAL2

@ spin-exotic mesons

Muon Filter 2

Primakoff reactions
o study of xPT

| I Muon Filter 1 @ e.-m. properties of
7 \ light mesons
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190 GeV/c m~ beam on ¢H; target

exclusive 7~ p — (37)~ p reaction
two channels in COMPASS

o T T

o mmOr0
high-t" region: 0.1 < t’ < 1.0 GeV?/c?
huge dataset

o 50 million 7~7~ 7t events
o 3.5 million 7~ 7970 events
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@ 190GeV/c w~ beam on (H, target

@ exclusive 7~ p — (37) " p reaction
@ two channels in COMPASS
o T T
o mmOr0
o high-t’ region: 0.1 < t/ < 1.0GeV?/c?
@ huge dataset

o 50 million 7~7~ 7t events

o 3.5 million 7~ 7970 events

@ partial-wave analysis using isobar
model
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Partial-Wave Analysis

€

TS e

P T

p p T

@ process can be factorized
e production T7
o decay Eie

v
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Partial-Wave Analysis

o 88 waves
o 30 with positive reflectivity
o 7 with negative reflectivity
T o flat wave
@ spin Jup to 6
@ angular momentum L between
bachelor 7 and isobar up to 6
P © used isobars:
. with isospin | = 0:
@ process can be factorized (7)., fo(980), £ (1270), fo (1500)
e production T7 with isospin / = 1:
o decay ¥; , p(770), ps3 (1690)
et . e for 7w« all isobars are 7~ 7"
@ two-step approac _
P app o for m~mx°:
. . —0in 70,0
@ fit in mass and t’ bins o [ =0in7m
; . 5 o /=1inmx°
e extract production amplitudes T;
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Partial-Wave Analysis

o 88 waves
o 30 with positive reflectivity
o 7 with negative reflectivity
T o flat wave
@ spin Jup to 6
@ angular momentum L between
bachelor 7 and isobar up to 6
P © used isobars:
. with isospin | = 0:
@ process can be factorized (7)., fo(980), £ (1270), fo (1500)
e production T7 with isospin / = 1:
o decay ¥; , p(770), ps3 (1690)
et . e for 7w« all isobars are 7~ 7"
@ two-step approac _
P app o for m~mx°:
. . —0in 70,0
@ fit in mass and t’ bins o [ =0in7m
; . 5 o /=1inmx°
e extract production amplitudes T;
@ fit of mass dependence of
spin-density matrix
e extract resonance parameters
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Mass-independent fit
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Mass-independent fit
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Mass-independent fit

fo (980) isobar

17107, (980) 7P

stable fits also for
small waves

first observation of a
signal in

170" £, (980) 7P
around 1.4 GeV/c?
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Mass-independent fit
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Exotic JP€ = 1=t wave

complete t’ range

@ some differences
between channels

@ no clear 71 (1600)
peak

o m mlx®
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Exotic JP¢ = 11 wave
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JPC

Exotic = 1" wave

Intensity (20 MeV/c?)
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Deck effect

o, . @ Deck model projected to
individual waves
& x @ scaled to the sum of intensities
P over all t’ bins for each wave
P @ large contribution at low t’
predicted for 1= 117 p (770) 7P
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Mass-dependent fit for 77— 7T

o for the moment six waves
o three major waves and three smaller waves

@ describe spin-density sub-matrix with Breit-Wigner functions

1770Tp (770) 7S two BW: a1 (1260), af

2710%H (1270) 7S two BW: 7> (1670), 7> (1880)
271t p (770) 7D two BW:  a»(1320), a)

4t11Tp (770) G one BW: a4 (2040)

17707 £ (980) TP one BW:  a; (1420)

0-10" £ (980) 7S one BW: 7 (1800)

@ non-resonant term for each wave

@ extract resonance parameters from all 11 t’ bins simultaneously

e same resonance parameters in all bins
e couplings may vary

@ 352 free parameters, around 15000 data points
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Mass-dependent fit for 77~ 7
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Number

Mass-dependent fit of 1770 £, (980)
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COMPASS is a precision experiment to study light mesons
@ unchallenged dataset for 7~ 7~ 7t

@ charged and neutral particles with the same experimental setup

partial-wave analysis is a versatile tool for spectroscopy

@ various channels under study

t’-resolved analysis, first mass-dependent fit in 11 t’ bins

@ new resonance a; (1420):

o M, (1420) = 1412 — 1422 MeV/?, T, (1420) = 130 — 150 MeV/c?
o ~ 180° phase motion with respect to reference waves

detailed study of the 1~ state (m; (1600))

further analyses in the COMPASS hadron program
@ spectroscopy also in central production reactions
@ measurement of radiative width of a» (1320) and > (1670)

@ measurement of 7 polarizability and other tests of xPT

@ measurement of OZI violation
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Backup
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COMPASS

@ 190GeV/c p

central production
diffractive dissociation @ 40cm ¢H; target J

@ 190GeV/c n—, K~ @ trigger on recoil proton
@ 40cm /H; target ECAL2
@ trigger on recoil proton HeALz

SM2

Primakoff reactions
@ 190GeV/c m~

Muon Filter 2

Sebastian Uhl Light mesons at COMPASS
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@ mass spectrum depends on t’
o0 S e at low-t' (0.1 < t' < 0.2GeV?/c?)
Q E E . .
2 a,(1320) it ”1’)55303}“’3 e aj (1260) dominates low-mass region
E < L
2 [ ame : D eerE e ap(1320) hardly visible
g OF .
% enbE 1gn- . .
% o e at high-t’ (0.5 < t' < 1.0GeV?/c?
5] L a_a
S b e a; (1260) visible only as a shoulder
£ 1670 .
E (1670 e a(1320) dominant
30
" @ no changes above 7, (1670) region
0F @ binning of data also in t’
ob i T o 11 bins for 7~ 7w~ xwt
0 05 1 15 2 25 3 35 4 45 5 . — 0.0
M (GOVICP) o 8 bins for 7~ 7w
10° 10°
< g; COMPASS 2008 < 5; COMPASS 2008
3 E T(p— TTPT 3 E Tt TTOTY)
%’ 1= 0.1<t'<0.:?2(§ev2/c8 § L 0.5<l'<J.[.)OGﬂeVZ/<:g
s g L
L 7E e F
g o g f
& 50 E 3;
= [
E 2
3E F
2 1
1E r
OEHH\ (N NI I IR i M, 1 Oiuu\ Pl VTS VIS VIV B A S iy
0O 05 1 15 2 25 3 35 4 45 5§ 0 05 1 15 2 25 3 35 4 45 5
Mo (GEVICY) M, e (GEVIC?)
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Partial-Wave Analysis

data binned
o in 50 mass bins of 40 MeV/c? width
@ in 8 t’ bins with equal amount of statistics

in each mass and t’ bin optimize

RD evts. refl
log L = — Z log (Z

e

waves

13

refl. waves
) +Z (Z - (T5) .AZ->

Spin-density matrix

pi =T (T7)
intensity
Ii = pi

absolute value and phase
i-j

5
Pij = r,Je
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Extraction of (7m)s wave from data

@ for the mass-independent fit
@ replace parameterizations

o Au, Morgen, Pennington M-solution for (7m)g wave
o Flatté parameterization from BES-II for f; (980)
o Breit-Wigner for fy (1500)

@ by piecewise constant amplitude in bins of My,

o 10MeV/c? wide around the f; (980)
o 40MeV/c? wide elsewhere
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Extraction of (7m)s wave from data

g F
0.8
4 0.6 -
th ependent fit
F s s @4 @2 0 02 04 os 041 0.8
reblace pa a eterization
org ton M-solution f8  05f r
s pa n from BES-II fo ‘
: N| | 500) , 0 U.\g.» 08
I ° & _.sel.\. = hplitude in bins ofyma-  osf : I
o 10MeV /c? wide aroiind the fy (980) + E
° 450 é P 0 0144 0.8
5 _‘ +ozf 0.6
+ Ly
0.5
+0.2
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Extraction of (7m)s wave from data

o for the mass-independent fit
@ replace parameterizations

o Au, Morgen, Pennington M-solution for (7wm)s wave
o Flatté parameterization from BES-II for fo (980)
o Breit-Wigner for fy (1500)

@ by piecewise constant amplitude in bins of m,,

o 10 MeV/c? wide around the fy (980)
o 40 MeV/c? wide elsewhere

@ increase in number of fit parameters
@ requires a lot of data

e only done for 0=F, 17, 2=+

Sebastian Uhl Light mesons at COMPASS




Extraction of (77 dat

7T~ 77 1t Tp COMPASS 2008 10° 7Tp ~ 77 1t Tp COMPASS 2008

X

”§ 8oz P B 0T T P
< =
@"1 1.6f_ 02085100 (GeVic) :; 8; 0.20<t'<1.00 (GeV/c)?
[ ] £ 0.97<m,. ,<1.00 GeV/c?
= N pf
5 14 - C
o
g " i
12 s Tt T
g 1 i
4 4: T+
F +
08 3 Ty
£ +
[ +.
0.6 2r Fiy
+
% *
++
04 ++J§$++
Tl b b b b b b e
11 12 13 14 15 16 17 18 19 (]".,l 12 13 14 15 16 17 18

Mass of 77 711 (GeV/c2)2 Mass of the 77 7777 System (é'egvlc2)2
application to 171

o high-t": 0.2 < t' < 1.0GeV?/c?

@ select my, region around f; (980)

@ correlation of a; (1420) with £, (980)
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Radiative width

@ decay X — 7y allows access to electromagnetic transitions

e ap(1320) — 7y magnetic quadrupole moment
e 7 (1670) — 7y electric quadrupole moment

o direct measurement of 7y decay is experimentally challenging
@ inverse process: scattering of a m off a Coulomb potential
e quasi-real photons in the vicinity of heavy nuclei

@ cross-section for Primakoff produced X

OPrimakoff,x X o (X — 77)
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Radiative width

@ decay X — 7y allows access to electromagnetic transitions

e ap(1320) — 7y magnetic quadrupole moment

e 7 (1670) — 7y electric quadrupole moment
o direct measurement of 7y decay is experimentally challenging
@ inverse process: scattering of a m off a Coulomb potential

e quasi-real photons in the vicinity of heavy nuclei

@ cross-section for Primakoff produced X

OPrimakoff,x X o (X — 77)

identify Primakoff contribution

@ Primakoff produced states have spin projection
M=1

@ cross-section for diffractively produced states
—bt’

oo t'Me
@ at small ' M = 1 states are predominantly
Primakoff produced
@ partial-wave analysis to identify the M = 1 final
states

@ get cross-section from partial-wave intensity
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Radiative width
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