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Ordinary and Exotic Hadrons
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Ordinary and Exotic Hadrons
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Discovering Exotic Hadrons

Design and build detectors
Collect data
Build observables

Fit data
Extract pole position,

Lattice QCD
Phenomenology
Amplitude Analyses
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HEP Facilities and Detectors
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On the Theory Side

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger egs,...
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New Observables
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n; and b, Decays o

From Lattice QCD, main decay channel is

71'1 —> blﬁ'

Charged production enhanced compared
to neutral one

|deal reaction:
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n; and b, Decays o

From Lattice QCD, main decay channel is Can GlueX identify properly the b; meson?

71'1 —> blﬂ'

Charged production enhanced compared
to neutral one

|deal reaction:

k; bl_ ! 4+ _—_0 Ongoing project with the GlueX collaboration
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What's a resonance?
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What's a resonance?

0.0 | e Maaas Resonances are poles of
: Z ! the scattering amplitude
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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
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Low Energy Fitof L = 1,2
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Scalar mesons
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JPAC EPJC22 (2022) 80
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Summary

QCD predictions for exotic hadrons properties

Lattice QCD, EFT, quark model, Dyson-Schwinger egs,...

Predictions for future measurements

Known measurements, Regge theory, VMD, ...

Formalism and interpretation of observables
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gﬂo Photoproduction@GlueX Q- A2 1
a,(1320)

l cosVsMass

X

ek

-
W

11— Entries 243309 SO
E -/ Meanx 1432 2 Z — O
— Meany -0.2519 | > B < LUEX

Cos(e) - Std Devx 0.4825 > |
L - | StdDevy 05595 ) 3 oaf P ) Preliminary
E 160 é u I ¢ Q/ Courtesy of A. Austregesilo
O

= 140 > —
L B 0.6

0— 120 : “ “ {?
B 100 - .
- 0.4_ ‘lriFH
- 80 i L

-0.5— 60 — { | ‘1 U'.':'w
B 02— M
: . : € ) MM
K e B |
-} e - 20 M v P ey by PN B
1 l L1 1 l | I l | l | I | l | I | l L1 1 1 0 8.5 1 1 .5 2 2.5 3 3 .5 4 4.5
8 1 e 2 25 S 35 4 N Invariant Mass (GeV/c?)

(Baryons have been ‘cut out’) Mass(nn)

Vincent Mathieu HADNUCMAT 25



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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Tensor Meson Photoproduction @GlueX GlueX PRC112 (2025) 015204

e — _ Strong a,(1320) signal in
al3 03/l -4 Total B
O " <+ Positive-Reflectivity i
S5 E AN ’-i-‘ Negative-Reflectivity E 612( 1 320)
02 1 N © Mathieu et al., PRD 102, 014003 (2020) 77
‘ Y 0
JU

Production can occur via exchange of

Extraction of the cross-section . -
- vector meson (positive reflectivity) or

Extraction of all D-waves components . . .
- axial-vector meson (negative reflectivity)
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Double Regge @GlueX

a,(1320)

l

cosVsMass
Entries 243309
=| Mean x 1.432 P
Meany -0.2519
Std Dev x 0.4825
= |StdDevy 0.5595 b

" T

B —160
B 140
ol— 120
B 100
B 80
-0.5— ab
11— —
0.5 i 15 2 2.5

(Baryons have been ‘cut out’)
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Double Regge @GlueX

All couplings are known
from decays!

p — yr’,m

w — yr',yn

0 — (x7)

a,(1320)

l

cosVsMass
Entries 243309
e Mean x 1.432 P
%= |Meany -0.2519 .
Std Dev x 0.4825
" |StdDevy 0.5595 D

lllll

1160

. Or from SU(3) relations

120

100

gpp;y — ga)piz' COS ¢;7

8owawn = 8uwpz COS P,

Illllllllllllll

(Baryons have been ‘cut out) (Analogous formulas for 77")
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Double Regge @GlueX

Double Regge model including Y
leading Regge poles with
no free parameters

Compare predictions with p
CLAS data
~t,p = 0.2 — 0.4 GeV?
— 4+ CLAS
%0'6 ot — E,=5GeV |
2
=04 +°
= 0.2
T~
Nb

O
=

1.00 125 150 1.75  2.00
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Double Regge @GlueX

0.5 1.0

lllllllllll

Double Regge model including Y
leading Regge poles with
no free parameters

cos

Compare predictions with p
CLAS data
~t,, = 0.2 — 0.4 GeV?

— 4+ CLAS
%0'6_-:% — E,=5GeV |
O

=

3 |

= g4} % :
= 0.2

S

>

O
=

1.00 1.25 1.50 1.75 2.00
My (GeV)
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Double Regge @GlueX

0.5 1.0

lllllllllll

Double Regge model including Y
leading Regge poles with
no free parameters

Compare predictions with p
CLAS data
~t,, = 0.2 — 0.4 GeV? .
—~ -+ CLAS .
% 0.0 e — E, =5GeV ] j
@ 1 ‘
ey - ;
EU \ ‘ o R
— 04r - - DN n'm egge :
ﬁlé ! %+ _ << (.2 : nmw == Vector-Vector -
:& - »ﬁ’ ﬁ - 0.1F -
=% il ‘. e ‘
oob oo RS 2.0 2.2 2.4 2.6 2.8 3.0
7100 125 150 175 2.00 im0 (GeV)

My (GeV)
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Double Regge @GlueX

0.5 1.0

lllllllllll

Double Regge model including Y
leading Regge poles with
no free parameters

cos ¢

Compare predictions with p
CLAS data
0.7 -
~t,, = 0.2 — 0.4 GeV? |
! . b L . b L B ' ! | ) B ' ! | ) LI 06:_
0 ' -+ CLAS :
2 0.6 - 0.5F
% Weg — E, =5GeV L Regse
Q > 0.4F ——  Vector-Vector
'?3. | 4;’; —— Phase Space
\é 0.4 ' % - a 0.3 ' —  GlueX _
= RE < 02}
5 J+ T ; |
%S‘()Q - -_+__+_- - OJ-; j:::::::::::===””//£;
qc R 0.0 f— ]
M PR RS U RS S SRR R S S S S RS T S | —0. : . . . 1 . : : 1 : : : 1 : : : 1 . . . :
0000 195 150 L75 2.00 20 2.2 2.4 2.6 2.8 30

My (GeV) My (GeV)
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Summary

— T Il Reaction model for both B o
7~ single Regge (resonanges) ) : (1700
and double Regge region  of
P P Two regions connected by FESR £ ™= ==> ~——
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Summary

— T Tl Reaction model for both "B om
7~ Single Regge (resonanges) A: (1790
and double Regge region 2 WE
= B
P P Two regions connected by FESR .. "=~ ——
1.2 1.3 1.4 1.5 Mas; .(6Gev) 1.7 1.8
Tt 7] T +oTowl E
_ O _ 4 Posm\{e-Reerctl\{lt}/ :
Y 70 Reaction model for both ss | e sz
. 0oL ¢ athieu et al., PRD 102, 014003 (2020) |
single Regge (only a2 resonance) o
and double Regge region M -
D D W conene S —— -
01 02 03 04 05 06 07 08 09 1.0
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Ang U |ar D|3tr| butign JPAC PRD100 (2019) 054017

Glazier and VM PRD112 (2025) 116015

x10°
A Guue™ |
Z ) Polarized photon beam
208 o Preliminary
é i I | SL Courtesy of A. Austregesilo
|

-] -]
EAN @)
[
e
- ——————

=
bo
| |

-/ i

| A‘l | | | | é | | | | | | | | | | | |%‘L_L | | | | | | | |
S;S 1 1.5 2 2.5 3 3.5 4 4.5
nr® Invariant Mass (GeV/c?)

Relations between partial waves and observables

Observables sensitive to exotic mesons
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