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Looking at the future Amplitude analyses

Summary of Topical Group
on Hadron Spectroscopy (RF07)

Rare Processes and Precision Frontier (Light) Hadron Spectroscopy

of Snowmass 2021 |
. . . o 2022 Town Hall Meeting
Conveners: Richard F. Lebed", Tomasz Skwarnicki

and
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? Department of Physics, Syracuse University, Syracuse, NY 13244, USA
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Marek Karliner®, Ryan E. Mitchell”, Alessandro Pilloni'™'!, Alexis Pompili'?!?,
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arXiv:2207.14594 — The physics of the next decade is being planned now!

The next Long Range Plan for Nuclear Science will appear in 2023

The DPF Snowmass process has just completed
arXiv:2203.08208 JPAC is investing in making the case for spectroscopy

Need for amplitude analysis in the discovery of new hadrons
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Mikhail Mikhasenko.'™'® Victor I. Mokeev,'” Emilie Passemar,™%'? Robert J. Perry,?”

Alessandro Pilloni,?! 2?21 Arkaitz Rodas,'* %31 Matthew R. Shepherd,® Nathaniel Sherrill*4
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and Daniel Winney?: % 2% 27
(Joint Physics Analysis Center) 2



JPAC interactions with experiments

® Running
® Planned
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The programs of Hall-D at JLab

Activity, experiment 2027
running scheduled
B N

Run PRIMEX-n

Run SRC |
Installation CPP []
Run CPP-NPP I
Run GlueX-Il Gui\"- N <

Support required
for planning the
experiment
and/or for
analyzing data

Installation FCAL2 ]
Run GlueX-ll+JEF Grue\* B p

Installation KLF (K, beam) ' 1 <

Commissioning, Run KLF ' B e <

Back to photon beam
Installation of GDH

ol

Commissioning, Run GDH

E. Chudakov
~8 years at ~30 weeks/year already planned
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JPAC and the JLab12 program

Strange Hadron Spectroscopy with Secondary A'; Beam in Hall D

Theoretical Support: PAC -
Alexey Anisovich™'!, Alexei Bazavov™, Rene Bellwied®', Veronique Bernard", A Su p pO rt IS

Gilberto Colangelo®, Ale$ Cieply'®, Michael Déring'”, Ali Eskanderian', Jose Goity®*,

Helmut Haberzettl'?, Mirza HadZzimehmedovi¢®®, Robert Jaffe®, Boris Kopeliovich™, req u eStEd by d num be r
Heinrich Leutwyler’, Maxim Mai'?, Terry Mart™, Maxim Matveev!!, UIf-G. MeiBner™*,
Colin Morningstar”, Bachir Moussallam™, Kanzo Nakayama®, Wolfgang Ochs®’, i
Youngseok Oh*', Rifat Omerovic™, Hedim Osmanovié¢™, Eulogio Oset™, Antimo Palano™, Of p ro p 0S4 I S t h at enric h
Jose Peldez*, Alessandro Pilloni®-%7, Maxim Polyakov'®, David Richards®, Arkaitz Rodas!?-%

Dan-Olof Riska'?, Jacobo Ruiz de Elvi_r_a:", Hui-Young Ryu", Elena Santopinto™, t h e 1 2 G eV p rog ram
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A Search for Hybrid Baryons in Hall B with CLAS12

Vincent Mathien®, Vladyslav Pauk, Alessandro Pilloni, Adam Szczepanial?
Theory Center, Jefferson Laboratory, Newport News, Virginia 23606, USA
(T Joint with Indiana University, Bloomington, Indiana 47405, USA)
Measurement of the parameters of the LHCb
pentaquark states through double

Backward-angle Exclusive 7’ Production above the Resonance Region polarization asymmetries with SBS in Hall A

Wenliang Li (Spokesperson and contact person),” Justin Stevens (Spokesperson), David
C. Fanelli
Armstrong, Todd Averett, Andrew Hurley, Lydia Lorenti, Arkaitz Rodas, and Amy Schertz MIT, Cambridge, MA 02139

. il s Williams A U
College of William and Mary, Williamsburg, VA, USA T;. Beitoliss, By Wojtsekhsmwalki

Thomas Jefferson National Accelerator Facility, Newport News, VA 23606
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JPAC and the hybrid at GlueX

Z: [c])i:]%— )“\132(1320)

%‘j?: % 2.22: //,/ \\..__\‘\ . ®32'(1700)
HE cof |
E £ 0.55— B @ @

55 ‘1.5 * ‘I.I3 — 1.I4 — 1.I5 IMa“SSI(G;V‘;fS —_ 1.]7 —_ 1.IB —_ 1.I9
JPAC reconciled the 1 (1400)/m;(1600) puzzle
Tools and methodology created for GlueX analysis

o A. Rodas et al. (JPAC) PRL122, 042002

JPAC, PPNP 127, 103981
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Charmonia studies at GlueX

e PrEliM

10—1 - ....... : —Q— GIueX
E}::::':: 1 3 SLAC
- | —A— Cormell

Brodsky et al. fit to GlueX
n,=1 (2g exchange)
n=0

S

10—2 i .': n i

E,,Gev 20

JLab12 has the right energy to
study charmonium
photoproduction in the

near threshold region

JPAC is helping in
implementing models for J /Y
and other positive-parity
charmonia

Diffractive model JpAc, PRD 100 (2019) 3, 034019
Low energy model bu et al., EPIC 80, 1053 (2020)
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Exotic landscape in cC
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XYZ at JPAC

This is the hottest topic in spectroscopy in the last two decades
Big effort within JPAC to study this sector

ot £ 423 Gev D. Winney et al., PRD106 (2022) 094009
160= Pole L. Ng et al., PRD 105 (2022) 9, L091501
'ggg; % Triangle M. Albaladejo et al., PRD102 (2020) 114010
Z100- | D. Winney et al., PRD 100 (2019) 3, 034019
g 23: C. Fernandez-Ramirez et al., PRL 123 (2019) 9, 09200
40%%- AP et al., PLB 772 (2017) 200-209
20; IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII A. Hiller Blin et al., PRD 94 (2016) 3, 034002

2§5° as well as contributing to experimental papers

1200

: ——data :
— total fit

| — background

LHCb LHCb, arXiv:2210.10346
LHCb, arXiv:2204.12597
LHCb, Nature Commun. 13 (2022), 3351

Weighted candidates/(2 MeV)

- W LHCb, Phys. Rev. Lett. 128 (2022), 062001
wlf LHCb, Phys. Rev. Lett. 122 (2019), 222001
r |r=,3(41:f12)+ ¢
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Exotic landscape

(- )

Broad mesons seen in b decay:
X(4140), Z2(4430), Z.5(4000)...

. J
4 N
Scarce consistency between various Narrow structures seen in b decay:
production mechanisms X(3872),P., (P)
§ J
4 N

Narrow structures seeninete™:

X(3872), Y (4260), Z)
§ J
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Why photoproduction?

® It’s new: no XYZ state has been uncontroversially seen so far

® Dependence on beam energy can disentangle rescattering
mechanisms that could mimic resonances in multibody decays

® The framework is (relatively) clean from a theory point of view

® Radiative decays offer another way of discerning
the nature of the states

A. Pilloni — Future prospects and XYZ
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The jpacPhoto library

® Couplings extracted from data as much as possible,
not relying on the nature of XYZ
® Diffractive model, aiming at order-of-magnitude estimates

M. Albaladejo et al. [JPAC],

PRD102 (2020) 114010
D. Winney et al. [JPAC],
PRD106 (2022) 094009

E 5 k T : k
Code libraries available on GitHub
Exclusive Semi-inclusive
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XYZ at the Electron Ion Collider

SCIENCE REQUIREMENTS
AND DETECTOR
CONCEPTS FOR THE
ELECTRON-ION COLLIDER

EIC Yellow Report
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Collaboration with D. Glazier and J. Stevens
to perform feasibility studies for
spectroscopy at the EIC

These have entered the EIC yellow report
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XYZ at Jefferson Lab

XYZP spectroscopy at a charm photoproduction factory

M. Albaladejo,! M. Battaglieri,>? A. Esposito,* C. Ferndndez-Ramirez,”
A. N. Hiller Blin,! V. Mathieu,® W. Melnitchouk,’ M. Mikhasenko,” V. I. Mokeev,? HYD
A. Pilloni,*®* A. D. Polosa,” J-W. Qiu,! A. P. Szczepaniak," %! and D. Winney'® ! arXIV220308290

Lol RF7_RFO_120

PPNP 127 (2022) 103985

Submitted to the Proceedings of the US Community Study

on the Future of Particle Physics (Snowmass 2021)

Hadron Spectroscopy in Photoproduction

Miguel Albaladejo', Lukasz Bibrzycki?, Sean Dobbs*, César Ferndndez-Ramirez'?,
Astrid N. Hiller Blin®, Vincent Mathieu™, Alessandro Pilloni®”, Justin Stevens'!,

. . " Ads Srevenaniali2ld il amiel Winneyt3-14.15.16
Ph}'S]CS with CEBAF at 12 GeV and Future Dpportumtles Adam P. Szezepaniak . and Daniel Winney

1. Arrington', M. Battaglieri®", A. Boehnlein®, S.A. Bogacz®. W.K. Brooks'", E. Chudakov?, 1. Clogt®, R. Ent®,
H. Gao®, J. Grames®, L. Harwood®, X_Ji*®, C. Keppel®, G. Krafft®, R. D. McKeown™**, I. Napolitano”, T W. Qiu**,
P. Rossi™'*, M. Schram?, 5. Stepanyan”, . Stevens®, A_P. Szczepaniak'>'**, N. Toro®, X. Zheng"!
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JPAC leads the upgrade efforts

Spectroscopy is one of the main physics cases

j- UTU RE to push for the energy upgrade

March 28, 2022 - March 30, 2022 « Messina, ltaly

o JPAC is leading this effort on the theory side

- Physics opportunities
|| - Hadron spectroscopy

i e | Heavy involvement in workshop organization

- Detector developments G Maridaghio (Messmirt. nd WSS
3 A_Pilloni (Messina U. and INFN Catania)
- Accelerator infrastructures A Szczepaniak (indiana U. and jLab)

I and white paper drafting

WORKSHOP SECRETARY

ABSTRACT M. T. Reggio (Messina U.)
While the JLab 12 GeV program is running, it is already
| | time to plan the future developments for the facility. CONTACT
— N R W e |
A new round of upgrades to CEBAF are under technical alessandro pilloni@unime. it
development. One of these is a potential energy upgrade giuseppe.mandaglio@unime.it OPPORTUNITIES WITH JLAB
to 24 GeV using novel magnet designs in the existing ENERGY AND LUMINOSITY
recirculation arcs. Another is a potential for intense
\ polarized beams of electrons or positrons, which would U p G R A D E
: allow for new measurements in nucleon tomography.
Lo provide precision extraction of contributions from higher ™ N D ARE
=5 order electromagnetic currents, and allow new tests of i ' =
f the standard model. In addition, it is possible to open new Nl | y \ A
re research lines using secondary beams. 1 [ o X4 \

— Fl4440)  Hadron Spectroscopy with a CEBAF Energy Upgrade

— P:{4380)
ol4240) = P:(4312) June 16 & 17
o Z_t.420[;)_ Ze5(4220) Marco Battaglieri, Sean Dobbs, Derek Glazier, Alessandro Pilloni, Justin Stevens, Adam Szczepaniak
c
Z,(4020) [
- sssnns Z¢5(4000) Recent observations in heavy-quark spectroscopy have provided numerous candidates for hadronic resonances which are exotic in nature, the so-called XYZ

Z.4(3985
Z(3900) sl ) 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 made possible by such an upgrade, utilizing recent theoretical models for

production and evaluating the detector performance reguirements.
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Conclusions

JLab12 program has a full schedule well into the future
several current and planned experiments
require JPAC work for results to be delivered

Close collaboration with GlueX in order to achieve the first
observation of a hybrid meson in photoproduction

Strong effort in creating a XYZP spectroscopy program
at the EIC and at an upgraded JLab facility

Involvement in other running and future experiments
around the world to make the best of high statistics data

Thank you!
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Timescales

@ BESIII plans to operate for up to 10 more years

e Upgrades planned for 2024
# Increase center of mass energy up to 5.6 GeV — access new thresholds!
# Increase luminosity by a factor of 3 — better statistics!

@ Many more analyses in the works

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

s s I T v « N s

m | Upgradela j I: U_PE_f'adE£ I: Upgrade || J
= | [ [ ]

Activity, experiment Fﬁﬁﬂﬁﬁ 2027 ﬂﬂﬁ FY19 m w FY22  F23 14 Fr2e P27 Fvas  Fr29 | Fr3o | Fval P v
. CD-4A CD-4
Critical
IS scheduled Decisions CD0(A) | CD-I(A) CD23A | CDB Szt “’f‘:’;ﬁ
Run PR|MEX rl . . Dec 2019 Jun 2021 Jan 2024 Apr 2§25 ) AN,,,,,,Z Ape 2034
Accelerator l Ressdich & Devilopment |_| ?‘;u, m‘w.« Eorly C0-4
Research & Completion Camf’elm
Run SRC ] Development S Koot
Detector l Research & Development % |
Installation CPP = — Planned Conclusion
Run CPP-NPP a | | of RHIC Operations
Infrastructure
Run GlueX-Il | Peig: Accelettor 1
Systems )
Installation FCAL2 1
stallation FC Deecor [
Run GlueX-lI+JEF [ ] | P o e s
. [ s Y2777
Installation KLF (K, beam) 1 Consrucion e [ e = O 5 Powe Bt
nstallation ekl }f 1
Commissioning, Run KLF I N E P P e
T
Back to photon beam ] segrsr [ o 77 Full RE Power Buiidout
Commissionin g Systems re-Ops |
i & Pre-Ops =1
Installation of GDH [ P b | g ) ]
Commissioning, Run GDH = ——] =
8 Key @acnl [ o [ Jreme 3R BN — AT ] S

A. Pilloni — Future prospects and XYZ

18



