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Ordinary and Exotic Hadrons

Ordinary baryons uP CHARM TOP
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Baryons and Mesons
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What's a resonance?
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Ordinary and Exotic Hadrons

Ordinary baryons: uP CHARM TOP
O mass 2,3 MeV/c’ 1,275 GeV/c 173,07 Gev/c?
' » charge % % %
proton stable LJ\ spin ¥ Q % e % @
3 R
neutron 7T~ 10°S K DOWN STRANGE BOTTOM
- 4,8 MeV/c? 95 MeV/c? 4,18 GeV/d
~10 > » »
baryon A 7~ 10 s v s v
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Meson with excited gluon field

Gluon field may carry quantum numbers
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Quantum Numbers

Ordinary mesons
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Partial Waves Expansion COMPASS PLB740 (2015)
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Partial Waves Expansion COMPASS PLB740 (2015)
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Low Energy Fitof L = 1,2

71'1(1400) VS 7[1(1600)
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The exotic iy pole location
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More on the exotic 7; ] |
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More on the exotic 7; B
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0 .
niw Photoproduction@GlueX | In collaboration with R. Barsotti

CosTheta vs Mass
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0 .
niw Photoproduction@GlueX | In collaboration with R. Barsotti

CosTheta vs Mass
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0 .
niw Photoproduction@GlueX | In collaboration with R. Barsotti

CosTheta vs Mass

cosVsMass cosVsMass
1 Entries 98478 1— ;i Entries 243309 5
B Mean x 1.566 B Mean x 1.432
2 Meany -0.2519
= Meany -0.0649 -y =" D
) ) £ Std Devx 0.5863 COS( 9) B Std Devx 0.4825
B StdDevy 0.6513 B Std Devy 0.5595
0.5 ‘ ‘ a . 05—
e - - B 60 B —160
B I - = 140
= i = 50 -
B A W .
E r i .; : 40 B 100
. = - B
- h' - 30 = 80
05— - -0.5 60
£ 5 G | A -
B Ay = B 40
B " 10 L 20
-y -1
| I IS S | l | ISR S I | I | IS St G | I | | IR s | l IS e PR | l | NS G (o] | l | N PV S l | B e P | 0 | o
0 0.5 1 1.5 2 25 3 35 4 0.5
Mass(nm)

Baryon resonances contaminate the high mass yx

Less baryon contamination when the energy increases
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7 Photoproduction@ GlueX In collaboration with E. Llanos

100 - 12 100 -
0.75 - 0 0.75 - 80
0.50 - 0501 §
_ 8 |
0.25 - N 0254 § -60
W . : W]
—_ = c
S 000 - 5 © S 000 @
S 7 S | L 40 ﬁ
-0.25 - o 0251 § &
-4 :
—0.50 - -0.50 { §
~0.75 - 2 -075 1 §
-1.00 - -1.00 1 €
0 2 4 6 8 10 0 5 10 15 , 20
2 2 2
m,. 1GeV m,. 1GeV

Simple model (all external particles = scalar) including:
a5(980), a,(1230)

0
’7 y 7 y 71'0 4 n Y v/
Y
7.(1600) ’ 70 '7
1 70 n
p p
p p p p

- b p p

A(1232) N*(1535)
Vincent Mathieu CLAS meeting Meson Photoproduction 13




JT 0 Photoproduction(C G|UX In collaboration with R. Barsotti
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71'0 Photoproduction(c GlUX In collaboration with R. Barsotti
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(Deck + p) model for CLAS PRD8O (2009)

/
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(Deck + p) model for CLAS PRD8O (2009)
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(Deck + p) model for CLAS PRD8O (2009)
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Tensor Meson Photoproduction @CLAS VM et al (JPAC) PRD102 (2020)
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Tensor Meson Photoproduction @CLAS VM et al (JPAC) PRD102 (2020)
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a,(1320) Photoproduction @GlueX
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Exp. status of XYZ

Black: cc predicted and observed
Blue: cc predicted but not observed
Red: exotic candidates
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Exp. status of XY/ Esposito, Pilloni, Polosa Phys Rep 668 (2017) 1

Black: cc predicted and observed
Blue: cc predicted but not observed
Red: exotic candidates
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X(3872)

Discovered in B decays by Belle
B — KX(3872) - K(J/yrx)

more likely)
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Pentaquarks candidates from LHCD LHCb, PRL122 (2019) 222001
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Bound state vs virtual state
V(r)
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Bound state vs virtual state
V(r)
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P (4312)™ analysis
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P (4312)™ analysis
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P (4312)™ analysis Fernandez-Ramirez et al (JPAC), PRL123 (2019) 092001
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P (4312)™ analysis
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P 6(43 12)+ analysis Ng et al (JPAC), PRD105 (2022) L091501

Deep neural network trained with 4 types of amplitudes
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P 6(43 12)+ analysis Ng et al (JPAC), PRD105 (2022) L091501

Deep neural network trained with 4 types of amplitudes
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Direct production of P?

GlueX, PRL23 (2019) 072001 Data
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Exclusive XYZ Production @QEIC JPAC, PRD102 (2020) 114010
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Exclusive XYZ Production @QEIC JPAC, PRD102 (2020) 114010
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Exclusive XYZ Production @QEIC JPAC, PRD102 (2020) 114010
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Summary

Light exotic mesons: 7,(1600)

Analyses of resonance region
and double Regge region

Heavy exotic baryons: P.(4372)

Analysis of LHCb results

Heavy exotic mesons: X(3872), Z.(3600)"

Model prediction for EIC

COMPASS: 77 p — 7 nUp

GlueX: yp — ﬂonp

LHCb: A, - K~ J/yp

EIC:yp = Xp,Zp
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a,(1320) Photoproduction @GlueX ~ In collaboration with L. Ng and M. Albrecht
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Hybrid Mesons @GlueX and @COMPASS
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Hybrid Mesons @GlueX and @COMPASS
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Double Regge mro Photoproduction @GlueX
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From https://arxiv.org/pdf/1809.06123.pdf
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