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The 1,(1600) hybrid meson

* Predicted by lattice QCD as the lightest isovector with exotic JP/¢= 1"+
* Multiple decay channels: b;mt with the largest decay rate

* Experimental signals in nt and n’nt (and more) at COMPASS

3000 1 exotic J/¢ | [Phys.Rev.D 88, 094505 (2013)]
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The 1,(1600) in photoproduction

* A primary goal of the GlueX experiment at Jefferson Lab

 Amplitude analysis of multi-meson final states requires models for production amplitudes of several processes

- Resonant contributions (rt,, conventional meson and baryon resonances)
- Non-resonant backgrounds
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The 1,(1600) in photoproduction

* A primary goal of the GlueX experiment at Jefferson Lab

 Amplitude analysis of multi-meson final states requires models for production amplitudes of several processes

- Resonant contributions (rt,, conventional meson and baryon resonances)

- Non-resonant backgrounds
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Photoproduction of nInt

y+p ="+l 4y
* Clear signals of the a,(980) and a,(1320)
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* Odd partial waves are exotic (e.g. 1~ )
4
3 —=> Partial wave analysis required for m; searches
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Photoproduction of nInt

y+p =0+ a4y
n produced forward .
-/4\ * Clear signals of the a,(980) and a,(1320)
5

* Odd partial waves are exotic (e.g. 17%)

—=> Partial wave analysis required for m; searches

* GlueX analyses performed in the
Gottfried-Jackson frame

n produced backward Qgy = (9, cb)
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Photoproduction of nInt

y+p ="+l 4y

n produced forward
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* Clear signals of the a,(980) and a,(1320)
* Odd partial waves are exotic (e.g. 1)
—=> Partial wave analysis required for m; searches

* GlueX analyses performed in the
Gottfried-Jackson frame

Qay = (0,9)

* Forward-backward asymmetry:

=> Interference between even and odd partial waves
=> Presence of exotic partial waves (also at low energies)



Double-Regge photoproduction of nInt

* Dominant production mechanism at high energies

S, 81, S — QO
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\a Double-Regge region
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Double-Regge photoproduction of nInt

* Dominant production mechanism at high energies

S, 81, S — QO

S S1 .
, — fixed

5152 52

tl, tg and

\% Double-Regge region

=> Vector exchanges (natural parity) are dominant

Fast n cos 0 =+1 Fast mt cosB=-1
n) produced forward n") produced backward
Y n) vy

p
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Double_Regge phOtOprOd uction of n(’)n [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]
y ’\/\/’TPI Top vertex: (Vh|yP1) = %‘;—t}ﬁieaﬁwez*qﬁq%gr{ﬁ
1
gviv, P, . Quk v
_)_PZ <V2|V1P2> = #Zﬁaﬁuvgvl q% Q%EVQ
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’ . [N + v —
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r

\a All couplings are known
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Doub|e-Regge photoproduction of n(’)n'_ [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]
Y / Pr Topvertex: (Vi|yPy) = 97;1P1 iea,gweg*ng“ﬁl eV,
Vi 0
ViVa Py . ok v
——P, <V2|V1P2> = ngZQ'ZEQB,ungl qe'l %6’251/2

Vs
’ . [N + v —
p —> 2 ——p’  Bottomvertex: (N'|VoN) = a(gy, i) [(QYQ +952) Y — 95 (qumqp) w(p, 1)
r

\.a All couplings are known

! __ K /
* Build the helicity amplitude A)\,Y)\)\f = Z (g’YV1P1 gV1V2P2> Xy N =X AN

diagrams mo mo (m%/l T tl)(m%@ - t2)

G. Montafia (U. Barcelona) — FDSA2025



Doub]e-Regge photoproduction of n(’)n [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]
Y / Pr Topvertex: (Vi|yPy) = g’glpl iea,gwsﬁ*qfq“ﬁl eV,
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ViVo Py . ok v
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Vs
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\a All couplings are known

KK /
* Build the helicity amplitude A)\,Y)\,\f = Z (g’YV1P1 gV1V2P2> Xy N =X AN

diagrams mo mo (m%/l T tl)(m%@ - t2)

* Reggeization of the model needed to describe the double-Regge region:

- Sum over all spins DIy =17,37,6,... —> Reggetrajectories «;(t;) =1+ a'(t; —mi,)
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Doub]e-Regge photoproduction of n(’)n [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]
Y / Pr Topvertex: (Vi|yPy) = g'Y;lPI iea,gwsﬁ*qfq“ﬁl eV,
Vi 0
ViVo Py . ok v
——P, <V2|V1P2> — %Zeaﬁuvgvl qglq\%gvg
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p

\a All couplings are known

KK /
* Build the helicity amplitude A>\~y>\>\’ — Z (g'YVlPl 9V1V2P2) [/SVIDYESY IS WY

diagrams mo mo (m%/l T tl)(m%/z - t2)

* Reggeization of the model needed to describe the double-Regge region:
- Sum over all spins DIy =17,37,6,... —> Reggetrajectories «;(t;) =1+ a'(t; —mi,)

= Multiply the kinematic factor by a Regge factor: Ky v — Ky v x R(aq(t), az(t2), 51,52)
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Reggeization

Regge factor based on the model of Shimada, Martin, and Irving

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

R(aq, a9, 81,82,m) = [(ag — DI'(1 — ay)] [(ae — DHI'(1 — ag)]

X [&1€n™ TV (e, a2,m) + E&12n™? TV (a2, o, )] (

[Nucl. Phys. B 142 (1978)]

51

N
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Reggeization [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

Regge factor based on the model of Shimada, Martin, and Irving [Nucl. Phys. B 142 (1978)]

R(aq, a9, 81,82,m) = [(an — DI'(1 — ay)] [(ag — DI'(1 — ag)]

X [&1€n™ TV (e, a2,m) + E&12n™? TV (a2, o, )] (

51

- Regge propagators replace the vector-meson propagators

-
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Reggeization

Regge factor based on the model of Shimada, Martin, and Irving

R(aq, a9, 81,82,m) = [(ag — DI'(1 — ay)] [(ae — DHI'(1 — ag)]

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

[Nucl. Phys. B 142 (1978)]

51

a1—1
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Regge propagators replace the vector-meson propagators
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- Signature factors keep only odd signature poles (—l)J1
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Reggeization

Regge factor based on the model of Shimada, Martin, and Irving

R(O:l,OZQ, S1, 82,77) == [(Ozl — 1)F(1 — 051)] [(0{2 — 1)F(1 — 052)]

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

[Nucl. Phys. B 142 (1978)]
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(80 =1 GGVQ)

- Regge propagators replace the vector-meson propagators
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N

- Signature factors keep only odd signature poles (—1)7t =

- Vertex function sums the infinite Reggeon-Reggeon-meson couplings in the middle vertex

W Fi(1—a1,1—ag +ag,—n 1)

(1% = -1
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Reggeizatio n [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

Regge factor based on the model of Shimada, Martin, and Irving [Nucl. Phys. B 142 (1978)]

R(O:l,OZQ, S1, 82,77) == [(Ozl — 1)F(1 — 051)] [(0{2 — 1)F(1 — 052)]
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_ v S s
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(80 =1 GGVQ)

- Regge propagators replace the vector-meson propagators

- Good behavior in the double Regge limit: A ~ s¥1.2g5%1 412
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Resu Its [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

* Use linear Regge trajectories: «;(t;) =1+ a'(t; — m%/) , With a’=0.9 GeV2

* All parameters of the model completely fixed (sp = 1 GeV?)
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Results

» Use linear Regge trajectories: o;(t;) =1+ o/(t; —mi,) , with &’=0.9 GeV2

* All parameters of the model completely fixed (sp = 1 GeV?)

* Comparison with CLAS data:
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[Phys. Rev. C 102, 032201 (2020)]

—lyp = 0.4 —0.7GeV?

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]
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Our model provides a good description of the data above the resonance region




Results

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

« Use linear Regge trajectories: a;(t;) =1+ a'(t; — mi,) , with «’=0.9 GeV?2

* All parameters of the model completely fixed (sp = 1 GeV?)

* Predictions for GlueX energy E, =85 GeV
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=> Clear forward and backward peaks



Resu Its [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

Forward-backward asymmetry App(m?_) = N nm
y vy Arp(m;,) F(m2.) + B(m?_)

with the differential cross section integrated in the forward and backward regions
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= Larger asymmetry for n’'m than nm

= Stronger exotic partial waves in n'm
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Resu Its [GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

Forward-backward asymmetry  Apg(m; ) =

In experimental analyses, the forward and backward intensities contain cuts in the kinematic variables

d*o
2 2
Fm,.) = / 4200 dzen d2QGszcmdm%7r9(tW > 22 GeV2) Oy, $rms Smps Smp)
d*o
_ [ 42 B 2
B(my,) = /d QGJdZGmdQQGszcmdm%W O(tyx > —2 GeV?) O(tpp, Sprs Srpy Snp)

O(tpps Sy Swps Snp) = O(tpp > —2 GeV2) O(syr >4 GeV2) O(Smp > 4 GeVz) 0(snp > 4.75 GeVQ)
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Results

Forward-backward asymmetry Apgp (m%w)

[GM, V. Mathieu, et al. (JPAC), arXiv:2510.14549]

F(m?yﬂ' o B(m%ﬂ)
F(m2.)+ B(m3,)

In experimental analyses, the forward and backward intensities contain cuts in the kinematic variables
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=>» Cuts have a large impact on the asymmetry
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Summary

* We have developed a model to describe nmt and n’t photoproduction in the double-Regge region
* Agreement with CLAS dataat E, =5 GeV

* Predictions for GlueX energy E, = 8.5 GeV

* Sizeable asymmetry for n’m => larger contribution of exotic partial waves in n’rt than nn

* Due to analyticity, we expect sizeable exotic signal in n'm at low energies

* First step towards the development of finite-energy sum rules
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