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Quantum Chromodynamics (QCD) ®
Theory of the strong interaction between quarks mediated by gluons
Non-abelian gauge theory with symmetry group SU(3) .

) e  (Colorconfinement
Properties e  Asymptotic freedom
e  Chiral symmetry breaking

° Non-perturbative Regime
e Confinement

Weaknesses
eaxnesse e  Strong CP Problem

Formation of Mesons
° Ground states — mesons

Excited states — hybrid mesons
Channel Expt. branching ratio e  Great! We canjust calculate everything we need to know...
e  Chiral perturbation theory

e 39.41(20)%
n — 3n° 32.68(23)%
n — nyy 2.56(22) x 104

n—ntnete  2.68(11) x 107*
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Richness of » SM Physics

CHIRAL PERTURBATION THEORY (ChPT) TRANSITION FORM FACTORS (TFFs)

M(n = 7 ()7 (g2)) = —i€’€uapdi GheTES I',,w'g‘q“(’l]'n(lj)

° Effective field theories — significant step towards
computing scattering amplitudes
Constraints studied in detail up to 0(p®)
Compared to LOCD
Strong precision test for non-perturbative QCD

e Electromagnetic transition form factorsFﬂ
e  (Quarkand gluon structure
e  Anomalous magnetic moment of the muon (g-2)”

() ‘)’*‘)’*

Topy

DISCRETE SYMMETRIES

° Pand CP are violated, while Cis conserved

e (i)CP-violating dynamics in strong interactions —
nonzero form factor
(ii) CP-violating dynamics in quark-lepton b congs bt — DN deonpisn
Interactions 7 ‘\.\illm('n.\‘ o>0 + A\Sill(_‘)(‘()> o<0
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At AT

e  Primary decay modes 2-4 orders of magnitude larger than m®yy and ' e*e
e  Various models — connection with SM physics -> massive resonances that

decay almost instantly into SM final-states

e Interesting model: New force mediated by "dark photons"

s weakly interact with SM photons through electrically charged particles

e  (Gauge B-bosoninteracts with SM quarks

— redefined U(1), gauge symmetry

e 1%y measurable link between DM and the SM: 7 — By — n%yy
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The GlueX Experiment and

Experimental Hall D
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Jefferson n Factory (JEF) and
the Forward Calorimeter

Photoproduction —n and 5’

Reconstruction four-momenta — timing
information, energy and shower position

Lead glass connected to FEU 84-3 PMTs

FCAL2 upgrade

— smaller, radiation-resistant, higher-resolution
lead tungstate modules

PbWO, scintillating material connected to a
Hamamatsu PMT 4125




FCAL2 Upgrade

Commenced in Summer 2023 and is scheduled for

completion and operational readiness by March 2025
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Monte Carlo Simulations

FCAL view from downstream lgoking upstream

Event Generators n— RE.

genEtaRegge - generates
photo-production events

using the

HD[ﬁe?nE_f 9 Laget Regge model i L
etector hits
MCSmear i
B Models detector resolution to HHH
match MC simulated results 5 m
Data with with real data @
simulations mix H
Even more accurate =
simulations !
Y

) ’ Lx " ——30cm

MCWrapper
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Signal Generation

Signal Generation

Signal Generation
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Signal Generation

Signal Generation

Signal Generation
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(i) CP-violating dynamics in strong interactions
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(ii) CP-violating dynamics in quark-lepton interactions
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KLOE Collaboration
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https://arxiv.org/search/hep-ex?searchtype=author&query=KLOE+Collaboration

Conclusions

Signal and background plots give insight into future
measurements in JEF

Rare decays simulated and analyzed

Cut evaluation done with two generators

Important feedback for ChPT and BSM physics
Significant reduction in the 3n® background
Will be a very challenging channel to reconstruct

Possible BSM indications and input for TFFs

Signal almost completely isolated
Asymmetry Factor calculated and compared to KLOE

Expected defense in June 2025

JEF

'e'e

15



THANK YOU
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Figure 34: Left: Experimental results on the decay width of 7 — 7%yy [521,/522/[525.526]. The yellow band is T" = 0.33(8) eV from the unitarized-
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Decay channel Standard Model Discrete symmetries Light BSM particles
n— light quark masses C/CP violation scalar bosons (also ")
") — yy n-n’ mixing, precision partial widths

7 - ey (g-2), 7’ bosons, dark photon

n — nyy higher-order yPT, scalar dynamics U(1)p boson, scalar bosons
N — utu (g — 2),, precision tests CP violation

n— nltte C violation scalar bosons

n") - atn e

" — 2Pn0te

(g —2),
C violation

ALPs, dark photon
ALPs

Table 12: Summary of high-priority ') decays with emphasis on synergies across Standard Model and BSM investigations.



JEF for 100 days of beam:

Tagged mesons 6.5x107 4.9x107

Previous Experiments:

Experiment Total n Total n'
CB at AGS 107 -

CB MAMI-B 2x107 -

CB MAMI-C 6x107 108
WASA-COSY ~3x107 (p+d), ~5x108 (p+p) -
KLOE-II 3x108 5x10°
BESIII ~107 ~5x107

+  Two orders of magnitude background suppression



A2 at MAMI: yp—np (E,=1.5 GeV) JEF: yp—np (E,=8.4-11.7 GeV)

(P.R. C90, 025206)
N (PWO) > 2

—Signal+backgrounds
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FCAL-II

Exclusive detections

High statistics due to running in parallel with GlueX

The only facility can simultaneously produce tagged n and n' with
similar rates

Unigqueness of JEF
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