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The 1,(1600) hybrid meson

* Predicted by lattice QCD as the lightest isovector with exotic J/¢= 1+

* Multiple decay channels: b,mt with the largest decay rate @U@UG‘
* Experimental signals in nrt and n’nt (and more) at COMPASS
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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

- Resonant contributions (rt,, conventional meson and baryon resonances) \a Role of lPA; C
- Non-resonant contributions

vp — w7 (1600)p

gl b W v by AT vp — Wp Np = pp
1 V’<:A by o y o w Y . T
\~ - p -
\\ 7Ti —i"r\_ —r"<::.
.ﬂ_:F ,ﬂ.O ﬂ_Jr
p p D D p D
v ) Yp — agp vp — nn0p
7T -
—7 v I " and more!
== T - Al 0 >
T . Talk by V. Mathieu [Sat, June 27]
>—-T7
Talk by I. Belov [Sat, June 27]
p p p p p p Talk by F. Afzal [Mon, June 30]

Talk by N. Herrmann [Mon, June 30]
Gloria Montaia (U. Barcelona) - MESON2026



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

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

- Non-resonant contributions

vp — w7 (1600)p

Gloria Montaia (U. Barcelona) - MESON2026

¥ b W
™1 $’<{
\\ Tt
—=
p p
v n) Yp — agp
m :'l Y ag
| - —V'—<\
p p D D

vp — bip

This talke

\é Role of lPAQC

YP—=+p P
Y P T
v~ T Al
ﬂ-Jr
p b
and more!



Diffractive production of n")it: COMPASS vs GlueX

Pion beam
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[COMPASS,
Phys.Lett.B 740, 303 (2015)]
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* Clear signals of the a;(980) and a,(1320)

* 0Odd partial waves are exotic:

1~* - n,(1600) signal
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Diffractive production of n")it: COMPASS vs GlueX
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Diffractive production of n")it: COMPASS vs GlueX
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* Clear signals of the a;(980) and a,(1320)

* Odd partial waves are exotic: 1~ — 11,(1600) signal

% Gottfried-Jackson frame
Qay = (0,90)

qrn

* Forward-backward asymmetry:

=> Interference between even and odd partial waves
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* Clear signals of the a,(980) and a,(1320)

* Odd partial waves are exotic: 1~ — 11,(1600) signal

% Gottfried-Jackson frame
Qay = (0,90)

qrn

* Forward-backward asymmetry:

=> Interference between even and odd partial waves

* Finite-energy sum rules connect the resonance and
high-energy regimes
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“Single” Regge amplitude

t . . [T.Regge, Nuovo Cim. 18, 947 (1960)]
* t-channel partial wave expansion

a L C
\ / N
=> sum via Sommerfeld-Watson transform
. A(s,t) = ) (20 + 1) fult) Pa(ze)
¢=0 => partial waves analytic in complex ¢
t
: A J = assume only singularities are poles f¢(t) ~ / f(a)(t)
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* t-channel partial wave expansion

a L C
\ / N
=> sum via Sommerfeld-Watson transform
S A(s,t) = S (20 + 1) fu(t) Pe(z)
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t
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o 1 s\ %)
A(s,t) = (1 _ L = _—
(s,2) zi:ﬁz( ) &n sin (o (£)) T (1 + (1)) (So) + background contribution
N ! !
signature factor ~ poles for cancel asymptotic behavior
|+ ge-imen() integer cv; ()  non-physical
En = poles
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* Dynamical input: trajectories «;(¢) and residues j3; (%)
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“Single” Regge amplitude

t [T.Regge, Nuovo Cim. 18, 947 (1960)]
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[V.Mathieu et al., Phys.Rev.D 98, 014041 (2018)]
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Double Regge amplitude

1

N

)

* Dominant production at energies above the resonance region

S, 81, S — QO

tl, tg and
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Double Regge amplitude

by * Dominant production at energies above the resonance region
“ {N/ c
S, 81, S — QO
s 81 . —_— Double-Regge region
51 t1, t2 and , — fixed
§152 52
S —— (]
* Angular momentum analysis done twice, one in each subchannel
2 => no simultaneous singularities in overlapping channel invariants
[Brower, DeTar, Weis, Phys.Rept. 14 (1974) 257]
b /V/‘\j\ o
to
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Double Regge amplitude

by * Dominant production at energies above the resonance region
“ \(\/ c
S, 81, S — QO
s 81 . —_— Double-Regge region
51 t1, t2 and , — fixed
S152 52
S ——
* Angular momentum analysis done twice, one in each subchannel
52 => no simultaneous singularities in overlapping channel invariants
b /V/ \ . [Brower, DeTar, Weis, Phys.Rept. 14 (1974) 257]
~—7 € * For a, ¢, d pseudoscalar particles:
tQ [Shimada, Martin, Irving, Nucl.Phys.B 142,344 (1978)]
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Exchanged trajectories

COMPASS (pion beam)
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[Shimada, Martin, Irving, Nucl.Phys.B 142,344 (1978)]

[Bibrzycki, et al. (JPAC), Eur.Phys.).C 81, 647 (2021)]

[H. Pekeler, et al. (COMPASS & JPAC), in preparation] Talk by D. Spulbeck [Sat, June 27]

Gloria Montaia (U. Barcelona) - MESON2026


https://inspirehep.net/literature/1859521
https://inspirehep.net/literature/1859521
https://inspirehep.net/literature/1859521
https://inspirehep.net/literature/130561
https://inspirehep.net/literature/130561
https://inspirehep.net/literature/130561
https://inspirehep.net/literature/130561
https://inspirehep.net/literature/130561
https://inspirehep.net/literature/130561

Exchanged trajectories

COMPASS (pion beam)
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[Bibrzycki, et al. (JPAC), Eur.Phys.).C 81, 647 (2021)]

[H. Pekeler, et al. (COMPASS & JPAC), in preparation]
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GlueX (photon beam)
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* Dominated by vector exchanges

\9 Double vector

exchange model

[GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]
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Double-Regge photoproduction of n'Iit 80t 51 UPAC) B e 572160201 2026
Y P gyV1 Py . ak B 1 v
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\-? All couplings are known

(measured radiative decays,
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Res u Its [GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

 Linear Regge trajectories: a;(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

[GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

* Linear Regge trajectories: a;(t;) =1+ a'(t; — m%/) , with a’=0.9 GeV-

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

Shaded bands:

* Comparison with CLAS data (not a fit): 0.95 GeV? < 59 < 1.05 GeV?

[Phys. Rev. C 102, 032201 (2020)]
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=> Good description of the data above the resonance region
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Results

* Linear Regge trajectories:

[GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

a;(t;) =1+ (t; —mi,) , with «’=0.9 GeV>2

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

* Predictions for GlueX energy E, =85 GeV

0.20 1

0w — E,=5GeV
n'mw -=== E, =85 GeV

— 0.15

do /dt,, (ub/GeV?
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=> Clear forward and backward peaks
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Res u Its [GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

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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0 44 0.3

2 o T :

B(m,,) = / d cos 6 / dodzem PO de a2 = | i Regge |

- GJH~em nn < 0.2 _ — g - Vector-Vector ]

0.1F ]

0.0 ;_'““““"—‘---—-————---::::::ZZZ::::::::::::::::::::_‘:
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- Larger for n'm than nm
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A(m)
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Res u Its [GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

Forward-backward asymmetry A 2y — nr nm

with the differential cross section integrated in the forward and backward regions

[COMPASS, Phys.Lett.B 740, 303 (2015)]
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- Larger for n'm than nm
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Res u Its [GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

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

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

[private communication by R. Barsotti]

d*o
9 2
F(myz) = /d Qaidzem dQQGJchmdm%ﬂ Oty > —2 GeV?) O(typ, Syry Srps Sup)
d*o
_ [ 42 B 2
B(myr) = /d QGszcdeQGJchmdm%ﬂ- Oty > =2 GeV7) O(lpp, Syrs Srp, Syp)

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

Forward-backward asymmetry Apgp (mgﬂ)

[GM, V.Mathieu, et al. (JPAC), Phys.Lett.B 872, 140101 (2026)]

F(m??]ﬂ' o B(m%ﬂ)
F(m2.)+ B(m3,)

In the experimental analysis, the forward and backward intensities contain cuts in the kinematic variables
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[private communication by R. Barsotti]

=>» Cuts have a large impact on the asymmetry
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Summary

* We have developed a model to describe nmt and n’it photoproduction in the double-Regge region
* Agreement with CLAS data, predictions for GlueX energies

» Sizeable asymmetry for n’'nt = larger contribution of exotic partial waves in n’it than nn

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

 Existence of exotic trajectory in COMPASS data suggests that charge exchange reactions (with A**
have a larger 1(1600) signal in photoproduction

Gloria Montaia (U. Barcelona) - MESON2026

recoil) will
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