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Ordinary and Exotic Hadrons
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Hybrid Mesons Production
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Ordinary mesons J
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Examples of quantum numbers

QNs Names
JPC’ (IG) (IG)
1% (17) a1 (07) £ fi
177 (17) p1 (07) w1 ¢

—F (= T 7
O__|_ (1_) o (O+) Mo 779 hybrid mesons
1 (17) m1 (07) m m1 +—

2=t (17) m (07) m2 mh @
07~ (17) bo (07) ho hy «—
17~ (1) b (07) h1 A}

2" (17) ba (07) hy hh «—
Meyer and Van Harleem (2010)
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Hybrid Mesons Production

3 ¢
. T al — 28 [ 2
Ordinary mesons J=L&b®S % og MO
L g . - e . u
P = ( 1) <4 - m W
I 22 ° ®
C=(—-1)"" 2 25 go o I (16’
£ 18 [ * I'7(20)
16 L 00" (16)
' = 0" (20
1.4 _'plot Meyer and Van Harleem (2010) 2" (163)
Examples of quantum numbers 1.2 _'data HadSpec; Dudek et al (2010) 2 (20;)
1 11
0 01 02 03 04 05 06 0.7 08 09
QNs Names

GeV
JPC’ (IG) (IG) mass” (1) [GeV’]

177 (17) a1 (07) f1 fi
177 (17) p1 (07) w1 ¢

—F (1 T 7
O__|_ (1_) o (O+) Mo 779 hybrid mesons
1 (17) m1 (07) m m1 +—

2=t (17) m (07) m2 mh @
07~ (17) bo (07) ho hy «—
17~ (1) b (07) h1 A}

2" (17) ba (07) hy hh «—
Meyer and Van Harleem (2010)




Hybrid Mesons Production
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Eta-Pi Production

Eheam = 9 GeV Eream = 190 GeV

> I COMPASS Phys. Lett. B740 (2015)
@ 5000 | 0 N 2000 -

i A — N7 — —
S L L L T p—T Np
€annol. ‘W ¢ - —

53000 ' % - 2 1200 12, 8
O Eo W Preliminary < ___—1ol §
2000:: :' m’\\ : K00 8 §
L S (3} [/ A4S
1000 ! =
000, y L 400 <
05 1 15 2 25 3 35 50
M(n%n) (GeV/c?) 1 1.5 2 2.5 3 3.5 4 4.5

m(nm ") [GeV/c?]



Eta-Pi Production

Eheam = 9 GeV Eream = 190 GeV
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Longitudinal Plot

How do we select beam fragmentation ? —) Boost in the rest frame
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Shi et al (JPAC) PRD91 (2015) 034007
Pauli et al PRD98 (2018) 065201



Longitudinal Plot °
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Longitudinal Plot °
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Longitudinal Plot °
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Cut in Longitudinal Angle
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Cut in Longitudinal Angle
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Longitudinal Plot: Energy Evolution 3
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GlueX Preliminary Results 9

not corrected for acceptance
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Measured Intensities 10
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Observables: Moments of Angular distribution 1

1(Q,®) =1°() — P, 1" () cos 2® — P, I*() sin2® +0(Q?)

H°(LM) = % / 1(Q, ®) dyo(6) cos M¢p dQdP

Extract moments up to L S 2€max

gmax is the highest non-negligible wave




Observables: Moments of Angular distribution 1
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R = {ao(980), 71 (1600), as(1320), a2 (1700)}
N N—— ~ _

+ + +
SO R e

production: natural exchanges di ap(980)
line shape: Breit-Wigner form 5 ”

parameters: arbitrary

Small exotic wave,
not apparent in the diff. cross. section

VM et al (JPAC), in preparation



Moments 13
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Moments 13
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Beam Asymmetries
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Beam Asymmetries
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Beam Asymmetries 15
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Beam asymmetry sensitive to reflection through the reaction plane

use reflection operator = parity followed by 180° rotation around Y-axis



Beam Asymmetries 15
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Beam asymmetry sensitive to reflection through the reaction plane

use reflection operator = parity followed by 180° rotation around Y-axis
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Odd waves change sign!!!



Beam Asymmetries
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Beam Asymmetries
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Beam Asymmetries: 2., 4 5o
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only S and D waves

S, P and D waves
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Beam Asymmetries: 2., 4 5o
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‘Beam Asymmetries: 2., 1 5o "

only S and D waves S, P and D waves
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Beam Asymmetries: 2., 4 5o
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only S and D waves

S, P and D waves
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Beam Asymmetries: 2., 4 5o
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Conclusions

Moments of angular distribution

and beam asymmetries

provides info on

wave content and production mechanism

Current/future applications @GlueX:
0
VP — nNmp
yp — mm T AT

YD — NP

Yp — nn'p

Future plan: partial wave analysis
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The resulting photon spin density matrix reads
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Schilling and Wolf NPB61 (1973) 381

20



Frame
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Helicity frame boost s-channel
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Reflectivity basis:

[6]57? =i — €11

e — - R ——
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Observables: Moments of Angular distribution 22
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H°(LM) = o / 1(Q, ®) dyo(6) cos M ¢ dQdP
—1
H' (LM) = 7F/I(Q,q)) cos 2® d¥,,(0) cos M ¢ dQd®
Y
Im H*(LM) = % / 1(, ®) sin 2® d%,,(6) sin M ¢ dQdP
Y

/
m =m-—M

20 +1\'* mT O (e
H'(LM) +Tm H*(LM) Z ( 5 + 1 ) e(—=1)"CooroComr [5](—271[6/]571)'

. 0 l l
mam

0<—m; 0<m

The model features HY(LM) +Im H2(LM) = () M >1
only positive projections

e — e S —— S —— e




Eta-Pi Production@GlueX
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Eta-Pi Production@GlueX
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Longitudinal Plot 24
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High Mass Region 25
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GlueX Results
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Fta-Pi @COMPASS

COMPASS Phys. Lett. B740 (2015)
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Eta-Pi@COMPASS 2
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W Exotic wave @COMPASS
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On-going analysis: Systematic studies and exploration of the complex plane



Exotic wave @COMPASS 30
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Phase space at Eg = 9 GeV
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