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Hadron Spectroscopy is in crisis
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Charmonium in textbooks (c¢)

4% 1= Real charmonium system

 Internal structure of the new
particle Zoo is poorly understood
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Didn’t Gell-Mann tell us so?
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°°°°°°°°°°°° Summary of RF7 activities —topical group structure

 June 24, 2020 session on “Hadron Spectroscopy” within EF06

- Hadron Spectroscopy added as its own Topical Group
within Rare and Precision Frontier in July, 2020 (RF7) with Rich Lebed (Arizona State
U.) and T.S. (Syracuse U.) as conveners, who invited many subconveners for a good

representation of the broad experimental and theoretical communities studying topics
we concentrated on:

Heavy-Quark Conventional Hadrons
— Bryan Fulsom (PNNL), Alexis Pompili (U. of Bari), Elena Santopinto (INFN Geona)
Heavy-Quark Exotic Hadrons:
— Liupan An (CERN), Ryan Mitchell (Indiana U.), Sasa Prelovsek (U. of Ljubjana)
Light-Quark Exotic Hadrons:

— Sean Dobbs (Florida State U.), Justin Stevens (College of Willlam&Mary), Adam
Szczepaniak (Indiana U.)


https://indico.fnal.gov/event/43796/
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Summary of RF7 activities - meetings
« Three early workshops to review each subtopics (7-8 presentations each, good

attendance virtual attendance):

— Sep.16, 2020 Heavy-Quark Exotic Hadrons

— Sep.23, 2020 Heavy-Quark Conventional Hadrons

— Sep.30, 2020 Light-Quark Exotic Hadrons

e QOct.2, 2020 Review 14 Lols at RPF Townhall meeting

« Two additional workshops to review remaining topics:
— Nov.18, 2020 Opportunities in Hadron Spectroscopy

— Dec.16, 2020 Joint Session with Energy Frontier (EF06,EF07) on hadron production (there is also a
joint discussion session at this meeting on Friday, July 21, 2022 at 10:30am)

« Workshop to restart activities after a COVID pause:
— Oct.25, 2021 Update on Hadron Spectroscopy
* This year activities:
— Consolidation of Lols into ~10 White Papers relevant to our subgroup
— May 17, 2022 Presentations of white papers in parallel session of RPF Cincinnati Meeting
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https://indico.fnal.gov/event/45337/
https://indico.fnal.gov/event/45310/
https://indico.fnal.gov/event/45338/
https://indico.fnal.gov/event/45713/sessions/16422/#20201002
https://indico.fnal.gov/event/46315/
https://indico.fnal.gov/event/45587/
https://indico.fnal.gov/event/51176/
https://indico.fnal.gov/event/51844/sessions/20397/#20220517
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2021

Future Physics Potential of LHCb, LHCDb collaboration, LHCb-PUB-2022-012, CERN-LHCb-PUB-
2022-012, in 2022 Snowmass Summer Study, 2022, https://cds.cern.ch/record/2806113

Physics with the Phase-2, ATLAS and CMS Detectors, ATLAS and CMS collaborations, CMS PAS
FTR-22-001, ATL-PHYS-PUB-2022-018 http://cds.cern.ch/record/2806962

Review of CMS Contribution to Hadron Spectroscopy (Snowmass 2021 White Paper), R. Chistov,
V. Papadimitriou, S. Polikarpov, A. Pompili and A. Sanchez-Hernandez, arXiv:2204.06667

Belle Il Physics Reach and Plans for the Next Decade and Beyond, Belle Il collaboration,
arxiv:2207.06307

Physics in the Tau-Charm Region at BESIII, BESIII collaboration, arXiv:2204.08943
Hadron Spectroscopy at STCF, F.-K. Guo, H. Peng, J.-J. Xie and X. Zhou, arXiv:2203.07141

Hadron Spectroscopy in Photoproduction, M. Albaladejo, L. Bibrzycki, S. Dobbs, C. Fernandez-
Ramirez, A. Hiller Blin, V. Mathieu et al., arxXiv:2203.08290

Substructure of Multiquark Hadrons, M. Karliner, E. Santopinto et al., arXiv:2203.16583

Need for Amplitude Analysis in the Discovery of New Hadrons, JPAC collaboration,
arXiv:2203.08208

Hadron Spectroscopy with Lattice QCD, J. Bulava et al., arXiv:2203.03230



https://cds.cern.ch/record/2806113
http://cds.cern.ch/record/2806962
https://arxiv.org/pdf/2204.06667.pdf
https://arxiv.org/pdf/2207.06307.pdf
https://arxiv.org/pdf/2204.08943.pdf
https://arxiv.org/pdf/2203.07141.pdf
https://arxiv.org/pdf/2203.08290.pdf
https://arxiv.org/pdf/2203.16583.pdf
https://arxiv.org/pdf/2203.08208.pdf
https://arxiv.org/pdf/2203.03230.pdf
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F7 SU mm al’y Rep ort Executive Summary

. . ¢ MNumerous new hadronic states have been discovered in the past 20 years, many

) D rafted by ? L an d T S Wlth I n p ut e::djibitipg '“'exu:utiu:‘”j fea,tures. that are not compatible with a conventional meson or
" . . " baryon interpretation. Mo single theoretical model accommodates all the new states.

Several different binding mechanisms are likely at play; even mixtures are possible. At

fro m th e S u o m Itted Wh Ite pape rS present, hadron spectroscopy is the least-understood sector of the Standard MModel,
and thus impacts our ability to estimate hadronic effects in BEM searches, to correctly

. . maodel neutron stars, and to understand the spectrum of other strongly coupled theories.

an d th e Ir ec ItO rS ¢ In the next two decades, the LHC will be the most important facility for hadron
spectroscopy, thanks to its high collision energy, large strong-production cross sections,
and high luminosity. The LHCb upgrades will have the greatest experimental reach, by

® Fe e d b aC k fro m th e R F 7 CO m m u n ity exploring a wide variety of heavy tetraquark and pentaquark configurations, thereby

probing hadron structure in different kinematic and dynamical regimes. In addition

to continued support for LHCb data-taking and analysis, investments are needed for

at th e R P F C i n Ci n n ati m e eti n g (IVI ay detector R&D, and later for construction of Upgrade-II subsystems. CMS and ATLAS

present opportunities for studying final states not requiring full hadron identification.

¢ Belle II complements LHCE via unique aceess to bottomonium-like vector states and
1 8 y 2 O 2 2) their transitions to other exotics, as well as its ability to reconstruct decay modes with
multiple neutrals, and to exploit unique production channels. Support for detector
. . upgrades is needed to keep up with increasing luminosity, especially after the major
® Th p d d ft I t d t th SuperKEKE upgrade in a few years.
e I m rove i CI rcu a e O e ¢« The BESIII program is the best poised to explore the anomalous charmoninm-like
o B . vector states and exotic states seen in their decay, as well as to study glueballs in J/v)
R F7 m al I I n g I Ist O n J u Iy 11 . decays. The proposed Super Tau-Charm factory would inecrease luminosity by two
orders of magnitude and lead to precision studies in these sectors. Participation in data
. . taking and analysis by U.S. physicists is strongly recommended.
o W t t t I e GlueX, the proposed JLab24 upgrade, and the EIC experiment offer a 1.5, option for
e are acce p I n g CO m m e n S u n I hadron spectroscopy. While their electro- and photo-production cross sections and
effective collision energies are limiting factors, these facilities may suceeed in production

th e e n d Of th e S e attl e m e e‘“ n g (J u Iy of numerous heavy-quark exotic states, providing additional insight into their nature.

& Theoretical analysis of the new states has been slowed in the U.5. by limited support,
in contrast to a much broader backing for such research in Europe and Asia.
2 6 y 202 2) & Modern hadron-spectroscopy analysis will require collaborations featuring frequent
interactions between experimentalists and theorists, and also the collective work of
multiple theory researchers. Lattice-(QQCD simulations form an essential ingredient of

o We eXp e Ct to S u b m it it to arx iV by both of these efforts, and their progress requires substantial computing resources. We

therefore call for funding to support consortia of both of these types of group efforts.
¢ Collaboration across nuclear and high-energy communities is also essential for the

early Au g ust exchange of expertise and for the development of unified approaches for light- and

heavy-quark hadrons, and requires a flexible approach from the relevant funding offices.


http://hep.phy.syr.edu/~tomasz/Snowmass21_RF7_Summary_draft_July11_2022.pdf
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Today session

10:00 Welcome and Summary of RFT activities Tomasz Skwarnicki
337, HUB 10:00 - 10:06
Future of Hadron Spectroscopy at LHC Martt Durham

« Short review presentations
(10 + 2 mln) by the Future of Hadron Spectroscopy at Belle Il j?:;_elﬂ:zz

337, HUB

re p rese ntatlves Of th e m a_J O r Future of Hadron Spectroscopy at BESII and Super Tau-Charm Factory N Huesken

337, HUB 10:30 - 10:42

Stake h O | d e rS Future of Hadron Spectroscopy at Photoproduction Experiments Sean Dobbs

* Please stick to your allocated 1042- 1058
. 11-00 Amplitude Analyses in Hadron Spectroscopy ARKAITZ RODAS
time! 1054 1106

Hadron Spectroscopy with Lattice QCD M Padmanath

* More of discussion o 111
opportunities at the Friday Fes o Enenomenoloyof acon Spestoscey i
joint session with EF 10am- | o
12pm, MGH, Rm 248 (no
talks scheduled!)


https://indico.fnal.gov/event/22303/sessions/20643/#20220720

