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Brief history

- Established in 2013 to develop theory and

phenomenology in support of experimental
program at JLab12.

- Bridge faculty (Emilie Passemar) postdocs,
Vincent Mathieu, Igor Danilkin, Cesar
Fernandez-Ramirez.
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- OQver time ~40 researchers

have been associated with
JPAC.

- Majority of former postdocs

have long-term or
permanent positions.

* Tuesday’s JPAC meetings

have run continuously for
the past 10 years (record
over 8h)




Brief history continues

- JPAC served as a liaison between many
* (co-)organized over 30 theoretical and experimental analysis
international conferences and efforts BaBar,BESIII,COMPASS,EIC,
workshops, LHCb,JLab

* including our “own” series: 4
editions of Future Directions in

Spectroscopy Analysis (FDSA),

Mar 28 - 30, 2022
Jefferson Lab / Messina University
Europe/Paris timezone

I WO S u I I I I I le r SCI IOO I S Adam Szczepaniak Nathaniel Sherrill nisherri@iu.edu Bernhard Ketzer  ketzer@hiskp.uni-
Overview

aszczepa@indiana.edu
e bonn.de While the Jefferson Lab 12 GeV program is running, it is already time to plan the
Call for Abstracts forthe facility. A new round of upgrades to CEBAF are under technical developm

Fmetable potential energy upgrade to 24 GeV using novel magnet designs in the existing re

m Another is a potential for intense polarized beams of electrons or positrons, whic

ro r a Registration new measurements in nucleon tomography, provide precision extraction of contr

) ) = order electromagnetic currents, and allow new tests of the standard model. In ad

Participant List
to open new research lines using secondary beams.

Speaker List
The objective of the workshop is to gather theorists and experimentalists to disc:

Travel Information opportunities and technical options for each of the possible upgrade scenarios.

For in-person participants, proof of COVID-19 vaccination is mandatory to acce:
buildings.

- Graduate course on reaction

Sponsored by:

.;gf,Qon Lab

Sebastian Neubert. neubert@hiskp.uni-
Bastian Kubis kubis@hiskp.uni-  Christoph Hanhart bonn.de

bonn.de c.hanhart@fz-juelich.de

Resources

1. Joint Physics Analysis Center (JPAC): httpi//cglsoic.indiana.edu/jpac/index.php (Links to
an external site.) (go to "Schools" tab for lecture notes and references)

2. An extensive list of papers on various aspects of hadron physics can be found here:
http://cgl.soic.indiana. html

Hadron Spectroscopy with a CEBAF Energy Upgrade

Jun 16 — 17, 2022
Hybrid Q

US/Eastern timezone

@ Recent observations in heavy-quark spectroscopy have provided numerous candidates for hadronic

Timetable resonances which are exotic in nature, the so-called XYZ and Pc states. With a CEBAF energy

upgrade to 20-24 GeV these states and other charmonia may be studied in photoproduction and

electroproduction measurements at JLab. This workshop aims to identify the key measurements

Participant List made possible by such an upgrade, utilizing recent theoretical models for production and evaluating
the detector performance requirements.

Contact wi tions: ) . ) . ;
Discussion notes: Please add your discussion questions here

X jrsteven@jlab.org

Contribution List

INDIANA UNIVERSITY efferson Lab




What has made JPAC successful

- JPAC is comprised of people from different
backgrounds

THE JPAC USER’S MANUAL

- JPAC’s priority is to provide an intellectually
stimulating environment, create future carrier PAC
opportunities for it members ._L&

- We adopted a horizontal management
structure, with decisions made by consensus
shared responsibilities and benefits (e.g.
publication policy)

l..lj INDIANA UNIVERSITY efferson Lab




Amplitude analysis :
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For new results see : W.Smith
“Mathematical ambiguities in nx

photoproduction” Session : Analysis Tools
on Thursday at 14:35 PM

JPAC’s philosophy:
Let the data tell us
about the underlying
phenomena (not the
other way around)

Physical interpretation
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Amplitude analysis 7

1. Amplitudes are analytical
functions of s, ---7;, -+

2. Partial wave amplitudes are
analytical functions angular momentum

Jils) = f(l, 5)

3. Physical sheet singularities are given by unitarity

4. Unphysical sheet singularities need to be
parametrized in order to test microscopic models

For new results see : “ Khuri-Treiman analysis of the J/y — atn~ 7" reaction”
Session: Light Meson Spectroscopy. Friday at 9:25, “Dispersive determination of the
o resonance from lattice QCD, Monday 16:25
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Holy Grail: Al as a tool for physics discovery

Hidden layer Hidden layer

o

Input layer
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0.1-

e R R C.Fernandez-Ramirez “Pole extraction and nature of the

m,, [GeV/c?] f0(980)” Session: Light Meson Spectroscopy. Wednesday at 17:50
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Brief history of exotics (hybrids)

Nuclear Physics B152 (1979) 171188
© North-Holland Publishing Company

PHYSICS LETTERS § January 1976

J 35
ENTIONAL STATES OF CONFINED QUARKS AND GLUONS™ [ ] - 325 |
COLOURED QUARK AND GLUON CONSTITUENTS IN THE MIT BAG ;‘ - =
MODEL: A MODEL OF MESONS R.L.JAFFE" and K. JOIINSON v 3
) Laboratory for Nuclear Science and Department of Physics, &) E
Ted BARNES Massachusetts Institute of Technology, Cambridge, Mass. 02139, USA . - = 275 |
Department of Physics, University of Southampton, Southampton SO9 SNH, England L a I C e S I e S ~ 25 F *
l ,I + S
Received 24 October 1977 - F UKQCD 96
(Revised 7 May 1979) : 225 | * MiLC 97
72} ; MILC 03
D VOLUME 17, NUMBER 3 1 FEBRUARY 1978 ] 2 F 1 CSSM 05
We generalize the bag model by treating transverse coloured vector gluons as constitu- E
ents. The physical S-wave mesons are mixed states of pure quark and quark-plus-glion 1.75 | v SESAM 99
type, and their masses are accounted for by the colour SU(3) quark-gluon Hamiltonian. . . * F KQCD
Finaly, we obtain he mases and some sectromagnetic properes of the S-wave mesons Model of mesons with constituent gluons 1.5 | B kachos
in this model for states constructed from u, d, s, ¢ and b quarks. T T 1 ] T T 1 ' L | P E
~ D. Horn' . L 1.25 | ® LATHAD 10
California Institute of Technology, Pasadena, California 91125 B . 1 B sl b b b b b | I
7. Mandula® 10 K.J. Juge, J. Kuti, A 0 02505075 1 1.25 1.5 1.75 2 225 25
Volume 132B, number 4,5.6 PHYSICS LETTERS . Mandula .
Massachusetts Institute of Technology, Cambridge, M h 02139 | CJ MornanStar mass (7!) [GeV]
(Received 28 January 1977) (2003)
A model of mesons composed of a quark, an antiquark, and a gluon is proposed. The binding of the B
constituents is provided by a confining linear potential between the gluon and the quarks. The lowest states of [ =
GLUEBALLS AND MEIKTONS WHICH DECAY TO MULTI the model are described, and their relative masses evaluated, for the case of heavy (charmed) quarks, i.e., ccg ~— [~ 1500 - = EEI Q = =
states. oy - J— l:l
Michael S. CHANOWITZ and Stephen R. SHARPE * r ¢ B ., B = H = ]
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720, USA - 5 L7 - [
~ - £ = ==
3 PHYSICAL REVIEW LETTERS 1 NOVEMBER 1976 ] —e o
Reccived 19 August 1983 = ¥‘/"7 ) = = f—
_ | pef F T ] 2 1000 - _ = = DD,
¥ Spectroscopy of a Charm String* o | FELL 25" [---- ] § L
~— > ol r - S Bl JE— —_—
I F oo q < r —
b ) R. C. Giles and S.-H. H. Tye = R 11 - . & b
[ ] - Stanford Linear Accelevatov Center, Stanford University, Stanford, Califoynia 91305 [a— N - ] : —_—
(Received 13 August 1976) o o r R BB ] r J—
~ = 4 = 500F -
We report the results of the application of the quark-confining string to the ¢ spectrum. O — (0; e 1 L pr—
The model is defined by a relativisticallly invariant action of quarks and color gauge L I 4
e I l O I I I e I | O O fields. In the Schridinger limit, where light quarks are neglected, this model (with two - 10 r. 1 i
parameters) reduced to the charmonium model (with a linearly rising potential) plus ad- E — ] F Had ron Spectrum CO||ab0ratI0n (201 2))
ditional vibrational levels, Inthe e*e” channel, the first vibrational levels come at - r ] L —_—
' o = 0
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400 “fast”
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early data
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To Resonate or not to Resonate

. The a,(1260)
was for some Wh{@é 2
time confused |

with the pion — =,
exchange o a

N

()
; - —>

/\ S

 |tis very important to understand production
mechanisms : explore analyticity in various
kKinematical variables
R.Perry: Two pion photo production in the Regge

region” Session: Light hadron spectroscopy, Wet
14:30
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To Resonance or not to Resonate

cos @ Bibrzycki et al (JPAC) EPJC81 (2021) 915
1.0 i l l I I I
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« Singularities of cos(0)

........................................

6
R exposed for large s
Poles Mass (MeV) Width (MeV) r]]z.
112(1320) 1306.0 0.8+ 1.3 1144 +1.64+0.0
11’2(1700) 1722 4+ 15 + 67 247 + 17 + 63
b2 1564 4+ 24 + 86 492 +54 + 102
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To Resonance or not to Resonate

2271' 0 PhOtOErOd UCtiOﬂS@GI uex | In collaboration with R. Barsotti

Baryons have been ‘cut out’ CosTheta
cosVsMass B =
11— Entries 243309 <
_ = Meanx  1.432 2 700
L Meany -0.2519 o
COS(O) B Std Devx 0.4825 | g
Sil = [StdDevy 0.5595 b g 600
S o B
B 160 g NS
B 140 N
0—_ 120 400:
E 100 3003
_ 80 -
-0.5— 60 200f
N B 100f
B — 20 B
o i | 1 1 P 1 1 i o 0
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Double regge with Uniform background

a,(1320)

Vincent Mathieu
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Tensor Meson Photoproduction @CLAS VM et al (JPAC) PRD102 (2020)
CLAS PRC 102 (2020) CLAS PRL126 (2021)
n — 08 - Theo'ry Curves
: TMD TR L 40 ey
os e — 45-s4cev
az/ﬁ 0.2 0.4 _to(.gevz) 0.8 1 1.2
yp = a)(1320)p Y yp = ,(1270)p :
1 w/p 1
_ + —
Y p— - P33
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Finite Energy Sum Rules
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No kinematic singularities
Y L * No kinematic zeros
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* Unitarity cut
//=\ * Nucleon pole
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0 O
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Dispersion relation (FESR’s) for 2-to-3

* Dispersion relations (FESR'’s) for 2-to-3 more powerful then in 2-to-2
processes (various types)!

 The middle vertex can be measured: what information is there in
helicity dependence of the “middle” vertex)

» Sparse applications

DeTarr et al. (1974), Hoyer (1973) , Schimada et al (1978), Bibrzycki at al (JPAC) (2021)

IIJ INDIANA UNIVERSITY efferson Lab




Pion exchange

L'}FKL 6_ i s %\f_t
L | e
| (u> — 1)~ | Vs
- /_
. =
~ - * Photproduction would be the
1 G “cleanest” probe of OPE except :
how much “pion is in pion exchange”
Is frame dependent
» Other questions: what is responsible for ongoing GLueX analyses
raising do/dt ? (nucleon magnetic term +
or absorption, e.g. pn — np) P
| — 7~ AT
* How does OPE at high energy compares
to OPE at low energies or OPE between - bl(n’ A)
heavy quarkonia?
y 4 — Clz(N, A)
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Spectroscopy at the future facilities 17

XYZP spectroscopy at a charm photoproduction factory

M. Albaladejo,! M. Battaglieri,>?® A. Esposito,* C. Fernandez-Ramirez,’
A. N. Hiller Blin,! V. Mathieu,® W. Melnitchouk,! M. Mikhasenko,” V. I. Mokeev,2
A. Pilloni,® % * A. D. Polosa,” J.-W. Qiu,! A. P. Szczepaniak,'' %11 and D. Winney!'? !

arXiv:2203.08290

I_OI R F7_R Fo_l 20 Submitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)

Hadron Spectroscopy in Photoproduction

. . . 2 o ’ s . ’ 5
Miguel Albaladejo', Lukasz Bibrzycki?, Sean Dobbs®, César Ferndndez-Ramirez'®,

a rX|V:2 1 12.00060 Astrid N. Hiller Blin®, Vincent Mathieu™®, Alessandro Pilloni*!?, Justin Stevens!!,
) . L Adam P. Szczepaniak'?!'*!* and Daniel Winney!3!4.15.16
Physics with CEBAF at 12 GeV and Future Opportunities

1020 E'ITI ' I I I I I [ I I I LI 1 E

1019 E Maing JLab6 ep facilities 1%‘;5..\».
~ 100 | [0 m mJLabl2
g 1017 :F 1 SLAC __]:
> 101 [ 5 EIC/JLab++ explore
o E =
~ 1018 | O = :
il /7 : the complementarity
o, 1014 E 5 . .
7 109F O N L of diffraction,
£ - Bates(Int) E .
= 10%F " compass peripheral and/or
3 10 [— ——=— E665 0O H1/ZEUS | . .

10t k- HERMES ENC/NMC L direct production

109 Bl S

! 10 102 10°

CM energy [GeV]
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Spectroscopy at the future facilities 18

. M. Albaladejo et al. [JPAC], PRD (2020)
7%, Production @JLab++, EIC DWinney et al. (JPAC)

2 17 GeV 24 GV . ,
Y A —@—— O See D.Glazier “Prospects for exotic
v T = produced detected|produced detected ; N ]
: mesons” at the EIC” Tuesday 17:20
- Z(3900)"| 2.2k 371 4.2 k 588
Z‘y : X(3872) | 1.1k 32 42k 63
TABLE 1. Estimates of yields for day of data taking at CLAS24 assuming a zero-angle electron detector

TABLE II. Summary of results for production of some states of interest at the EIC electron and proton beam momentum
5 x 100(GeV/e) (for electron x proton). Columns show : the meson name; our estimate of the total cross section; production
rate per day, assuming a luminosity of 6.1 x 10** em™2s™'; the decay branch to a particular measurable final state; its ratio;
the rate per day of the meson decaying to the given final state.

Meson |[Cross Section (nb)|Production rate (per day) | Decay Branch|Branch Ratio (%) |Events (per day)
X<1(3872) 2.3 2.0M J/V 5 6.1 k
Y (4260) 2.3 2.0 M VLRSS 1 1.2 k
Z(3900) 0.3 0.26 M J/¥ T 10 1.6 k
X (6900) 0.015 0.013 M J/VJ/ 100 46
Z.+(4000) 0.23 0.20 M J/U KT 10 1.2 k
Z,(10610) 0.04 0.034 M Y(2S) o+ 3.6 24 g

Couplings from data as much as possible, not relying on the nature of XYZ

e The model is expected to hold in the highest x- bin _
. . . . L SPECTRO 36
e Model underestimates lower bins, conservative estimates Bt e
; = https://github.com/dwinney/jpacPhoto
55 S— 10° T T T T T T T T T T T T = T T T T T T T T T T T T
) ' JPAC - JPAC ] : ' JPAC
F yp — b+X ] E e 2500, E E ot 2,500 E ecce-note-phys-2021-12
1 ______ —— total Z;(10610)" — total Z,(10610)" 5000~" T " T T O T T IEdCIé SlimL‘JIatlior; —
B ' — total Z,(10650) i J — total Z,(10650) 1 r . 10fb™, e +p 5x100 J
2 r _+_ 10 A 10 | 3 n b - 4000 . :gpe—ét%‘ﬁgg En'w{
5 Z 1 E : E ]
g = 4 = 4 : 3000
[ © T T ATl T © T S s -
7 S I (A I 2000~
5
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J/y photo production o07" G\ i

JIy-007 [Nature 615 (2023) 7954, 813-816] GlueX [arXiv:2304.03845]

e Two (distinct) approaches: l ,
<

max —

—t-channel partial waves « mass radius, gravitational
form factors, etc.

Y
iy .
g/w zil GW

}m/u/m

—s-channel partial waves
s-channel thresholds

Kharzeev et al. (1999), Brodsky et al

e N — (2001) Ji et al.Guo et al. (2021) Z, Mamo,
C JPAC 1 C JPAC ] Zahed, (2020)
] < 3 i
: 0 Eramey : 0k B )
i — Twi channel (2C) i .Rcsunam (3(,_];) ) E / :U
+f - - ‘ '
107 |~ 1 —: 10 :— -
ettt —t—t—+ ettt Du et al [Eur. Phys. J.C80 (2020) 1053]
10 o 10 T
-E 1 E 1
2 OF 2 f . . .
2 2 D.Winney: “Dynamics of J/y photoproduction
r r near threshold”
3 B 1 §°F Nmmemiooim Session: Exotic Hadrons and Candidates”
' Monday at 14:00
1022 | [ B o2 | [ B
8 9 10 11 12 8 9 10 11 12
E, [GeV] E, [GeV]

FIG. 1: Fit results for the integrated cross section compared to GlueX data from [37]. Bands correspond to 1o un-
certainties from bootstrap analysis.
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The Collaboration
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Full Members
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EXO 11 HADRONS T OPIC AL CO) I ABORAINION

« Next 5y :Complete development of the tools
and techniques necessary to extract physics
results from the GlueX and CLAS experiments.

« Beyond 5y: Develop a broad program of XYZP
studies relevant to the current measurements at
accelerators and the future electron-hadron ‘@’
facilities, including the EIC and the upgraded
Jefferson Lab.

« All along : Support the growth of the QCD
spectroscopy community by investing in the
education of next generations.

Felipe Ortega Gama

I)A-C e predicting exotic and non-exotic meson resonances and their properties from lattice QCD;

e reliably extracting exotic and non-exotic meson resonances and their production and decay
properties from experimental data sets;

e interpreting both the experimental and theoretical results.

IIJ INDIANA UNIVERSITY efferson Lab




