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Sub-GeV New Physics

e New gauge forces or scalar bosons beyond the minimal standard model. Dark
Sector model space for sub-GeV dark matter continues to be refined and
expanded.

e Anomalies: muon (g-2)u, and anomalous e*e” resonance in ®Be/*He
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e Dark Matter physics: oy
DM ¢ e'e DM DM
M7 g - DM DM
e DM candidates produced in meson decays and direct photo production. Atomic Matter
Strategy: resolve narrow structures in invariant mass spectra in many decays. A Light / \Nemos
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Jefferson Lab Eta Factory (JEF)

e Search for sub-GeV, hidden bosons (vector, scalar, 104 o
axion-like particles); complementary look at parameter
landscape. 5
_ 105
e Other physics:
o  Constrain C-violating Parity Conserving new physics 108
o  Precision test of low-energy QCD (ChPT) g e
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Intensity Frontier

LFV, EDM etc
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Eta and Eta-prime mesons
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Key Channel : n/m° — @° vy v (identify 4 photons cleanly)



Hall D
(GlueX)

Hall D at Jefferson Lab

Home to the GlueX experiment which
aims to look for exotic hybrid mesons (o)

Experimental G
Halls A/B/C

Producing Photon Beam

Designed to study photoproduction reactions with 8-9-GeV
linearly polarized photon beam.
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Upgrade of the FCAL-II for JEF

JEF is an extension of the GlueX experiment with focus on
performing precision measurements of various n/n’ decays

The inner region (80 x 80 cm?) of the FCAL is upgraded to
higher granularity PoWO, crystals.

Currently undergoing quality assurance for surface, clarity,
color, dimensions, light transmission & yield, assembly.
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Distinguishing Reconstructed Photon Showers

Ongoing software considerations to improve photons
reconstruction
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Figure 5: Sct ic development of an electr gnetic shower.

T.§ Virdes, Proc. of the 1998 Buropsan School of High-Energy Physics, CERN 99-04




Photon Shower Separation cont’d

Performance of the RADPHI detector and trigger in a high rate tagged
photon beam
R.T. Jones®!, T. Bogue®?, B.E. Evans®, M. Kornicer®, A.R. Dzierba®, R. Gardner®?,
J.L. Gunter®, D. Krop®, R. Lindenbusch®, D.R. Rust®, E. Scott®, P. Smith®, C. Steffen®™>,
. . . S. Teige®* , D.S. Armstrong®, J.H.D. Clark®®, L.J. Kaufman®’, D.J. Steiner®, E. Frlez,
ReCOHStrU Ct|on a |gOI’Ith ms . D. Pocanic?, J.J. Kolata®, L.O. Lamm®, G. Rogachev®, C. Campbell!, E. Collins,

L. McGlinchey’, P. Rubin®®’, E. Walker!, G.S. Adams®, J. Napolitano®, H. Crannell®,
D.I Sober®, R.R. Mammei*'°, E.S. Smith'

e Current GlueX Default Reconstruction Algorithm adapted
from RADPHI

e Island Algorithm adapted from GAMS experiment A.A. Lednev, IHEP preprint 93-153 ,
Bland, et al., Instruments and Experimental Techniques 51(2008) 342-350.

Goal: Compare Island to Standard GlueX Clusterizer &
Reconstruction code
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Photon / Background Classification in FCAL
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Separating Photons from Background

Omega decays produce photons and charged hadrons as source of
background showers

Opportunity for Machine Learning for Classification

Use multivariate analysis (MVAs) for this binary classification problem
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Summary

GlueX + 12 GeV tagged photon beam yields a unique n/n'factory: background reduction in

neutral rare decay modes vs other facilities.
Simultaneously measure n/n’ decays with main physics goals of:

e Test SM and search for new BSM physics; constrain CVPC new physics; precision
tests of low-energy QCD, improve light quark mass ratio, a.o.

Upgraded FCAL-Il insert currently under construction data taking expected in 2024,
Ongoing Machine learning to further improve background separation
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Hall-D Jefferson Lab (GlueX/JEF Experiments)

CEBAF
Upgraded: 12 GeV

Hall-D/GlueX

5 new
cryomodules

upgrade
existing Halls

upgrade magnets
and power supplies

~ 5new cryomodules d'
FCAL-II

GlueX goal: look for exotic hybrids upgrade
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Reaction Channels - |

1. Search for sub-GeV, hidden bosons
mass ranges
* vector: l
* Leptophobic vector B’ n") > By - 7%y (0.14 — 0.54 GeV)
n'— By - 71'+7Z'_71'0}’ (0.62 — 1.00 GeV)
¢ Hidden or dark photon 7" - Ay > e*ey
* scalar: n— 7S — ﬂoyy, nlete” (10 MeV < mg < 2m,)

7" = 2% = 37, n' = 1S = nan (mg > 2m,)

* Axion-Like Particles (ALP): n"0 - nna — wryy, nnete”
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Reaction Channels - I

2. Directly constrain CYPC new physics:

n"O — 3y, 22%, ztn

3. Precision tests of low-energy QCD:

* Interplay of VMD & scalar dynamics in ChPT: ;7(’) N 7[0}/}/

* Transition Form Factors of n(') : I’](I) N €+€_}/

4. Improve the quark mass ratio via n" = 3729, 7zt 7°

L. Gan, B. Kubis, E. Passemar, S. T

Precision tests of fundamental physics with n and n’ mesons

T arXiv: 20070064 J
ulin
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ElectroMagnetic Shower vs Hadronic Shower

Hadronic showers

Electromagnetic Shower
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avaire Figure 12: Schematic of development of hadronic showers.

Figure 5: Schematic development of an electromagnetic shower.

T.S.Virdee, Proc. of the 1998 European School of High-Energy Physics, CERN 99-04
T.S.Virdes, Proc. of the 1998 Europsan Schoolof High-Energy Physics, CERN 93-04
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Technology Experiment | Depth Energy resolution Readout
PbWO4 CMS 25X 3%/NE + 0.5% + 0.2/E APD
PbWO4 Primex 1.75%/NE + 1.15% PMT
PbWOq PANDA <2%/NE + <1% (req.) LAAPD
PbWO4 NPS <2%/NE + <1% (req.) PMT

| Lead glass OPAL 20.5Xo 5%/\E
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