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Properties & 5
Color confinement

Asymptotic freedom

Chiral symmetry breaking

Challenges f %\\
Non-perturbative Regime '\¥ ;/}
Confinement @ =4 %ﬁ =) @

Strong CP Problem

Use Mesons Channel Expt. branching ratio
Gr01.1nd states — mesqns n— 2y 39.41(20)%
Chiral perturbation theory n — 1y 2.56(22) x 10~

n—ntnete”  2.68(11)x 107



The nature of QCD confinement poses challenges in SM Niin écos 50 — Nsin b cos <0

Nsin @ cos >0 + Nsin o cos p<0
TRANSITION FORM FACTORS (TFFs)

Electromagnetic transition form factors F .« «
Quark and gluon structure
Anomalous magnetic moment of the muon (g-2),,

DISCRETE SYMMETRIES
P and CP are violated, while C is conserved

(1) CP-violating dynamics in strong interactions

[1]

(i1) CP-violating dynamics in quark-lepton interactions




CEB AF add new hall N

5 new .~

cryomodules =

" double cryo )

‘ capacity

upgrade magnets
and power supplies

upgrade
existing Halls

if

Electron Accelerator 12 GeV Feeds Four Halls Simultaneously



* /Y production: 8.4-11.7 GeV tagged vy
beam; 1, n’ energy boost

* produce & detect n/n’ simultaneously;
rare exclusive channels:

yp = p(m/n")

n/m' = yy,nlyy...

* Reduce non-coplanar backgrounds by
detecting recoil protons

This Talk:
Reaction:y +p>n+p
Decay:n>m"+m+e*+e
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Electron

Beam Central Drift
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Reconstruction four-
momenta

Kept 2400 Lead glass
blocks + FEU 84-3 PMTs

FCAL2 upgrade

->Smaller, radiation-resistant,
higher-resolution lead
tungstate modules

->1600 Lead Tungstate
scintillating material +
Hamamatsu PMT 4125

Photoproduction>nandn’

Detector Stacking Fiber light monitoring system

PMT divider & amplifier
l PMT housing

PbWO, crystal

Brass strip
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Detector Assembly



— 1.1
FCAL view from downstream looking upstream
Event Generation o
o8
T ' HH
1 H H
MCWrapper Simulated Detector Hits .

Data Smearing We Observe
Y Photon Shower
T T%x — 30 cm Patterns

Explicit physics symmetry notincluded



Clusterizer & Reconstruction: Single photon candidate

* Default Algorithm adapted from RADPHI (NIM A 570 (2007) 384-398)

* Island Algorithm adapted from GAMS (A. A. Lednev, IHEP preprint 93-153)
Studies:

* evaluate as function(energy, photon opening angle)

* “Stitch” boundary region between PbW04 and LGD

HHE |

Double photon
candidate

|. Larin, JLab



Events

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

Signal Generation (*) Background Generation

(**)
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Asymmetry Plots
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https://arxiv.org/search/hep-ex?searchtype=author&query=KLOE+Collaboration

Conclusions

e - Signal and background plots give insight into future
measurements in JEF

e - Rare decays simulated and analyzed
- Cut evaluation done with two generators

e - Possible BSM indications and input for TFFs
- Signal almost completely isolated

e - Asymmetry Factor calculated and verified that the
Detector does not contribute to asymmetry



Thank You
Merci

Thanks to the GlueX Collaboration
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Combos

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

ECAL insert boundaries

o Match y Shower X vs Y o Splitoff Shower X vs Y
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Figure 3.7: The reconstructed position of photons and split-offs on the FCAL face.
Top: Photons (left) and split-offs (right) from w decays, bottom: Photons (left) and
split-offs (right) from 1 decays.
20



BSM Landscape

Log ay
Energy Frontier

LHC

a, ~ sy, My ~ 1TeV

-1
-2

M. Pospelov

& Log m,

Intensity Frontier

' a, < 107% myupto1000TeV
LFV, EDM etc

n/N' decays offer unique sensitivity for new
pohysics that are flavor-conserving, light quark-
coupling, C-violating—P-conserving processes;
complementary to other experiments

21



Simulating Events

Rich phVSICS program Channel Expl. branching ratioc  Discussion
at 'rl;‘rl’ factories n—2y 39.410200% chiral anomaly, 5—" mixing

y = 3a” 32.68(23)% m, — my
Standard Model highhghts 256(22) = 1077 yPT at Q(p”). Icpui'liu: B boson,
. Theory input for Iight-by-light n—2wyy <l12x 107 yPT. axion-like panicles (ALPs)
scattering for [g_z)'l n— 4y . <28x IIU“" <10 "[F{I
* Extraction of light quark masses - TP - l':;h:‘Hf; :\‘:jr_::m
= QCD scalar dynamics s

Fundamental symmetry tests
* P,CP violation
* C,CPviolation

[Kobzarev & Okun (1964), Prentki & ! 5.8(8) % 107® lllt'ur;- inpul for li:: - 2),. BSM weak dcca;.\_
Veltman (1965), Lee (1965), Lee & :
Wolfenstein (1965), Bernstein et al {1965)]

P/CP violation

© 500 O

268(11)x 107 theory input for doubly-virtual TFF and (g — 2),.
P/CP violation, ALPs
_ 3. icory inpul Tor QouDly - virua
Dark sectors (MeV—GeV) - P/CP violation, ALPs
* Vector bosons (dark photon, noeeee  240(22)x 107 theory input for (g — 2),
B boson’ x boson] n—oeepp  <loxI10 theory input for (g — 2),,
- N < 3.6xI10 theory input for (g - 2),
SCvaIarS Bl o 3 o 4 <5x 107 direct emission only
. PSGUdosca Iars {ALPS} n—xey, < 1.7x 107 second-class current
n—=an < 4.4 x 107" [53) P/C P violation
- <35 - 1C P violali Gan, Kubis, Passemar, ST
Plus other channels that have i e S P ’
{ n— 4x" <6.9x 1077 P/C P violation [arxiv:2007.00664]

not been searched for to date)
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Decay channel

Standard Model

Discrete symmetries

Light BSM particles

n— ntna°

n'" = yy

') — "y
n— myy

" — s
n— nte

') — gtr e

n") — 2t e

light quark masses
n—n" mixing, precision partial widths

(& —2)y
higher-order yPT, scalar dynamics

(g — 2),,, precision tests

(& —2),

C/CP violation

C P violation

C violation

C violation

scalar bosons (also n7’)

Z’ bosons, dark photon

U(1)g boson, scalar bosons

scalar bosons
ALPs, dark photon

ALPs

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



JEF - tests/symmetries

2. Directly constrain CVPC new physics:

17(’) - 3y, 2y, nt "

3. Precision tests of low-energy QCD:
e Interplay of VMD & scalar dynamics in ChPT:

e Transition Form Factors of n("):

4. Improve the quark mass ratio via 0

n") 5 310 e

Physics Reports 945 (2022) 1-105 ¢

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

Precision ess of fundoenfo/ physis with nond n' mesons
24



JEF - sub-GeV

bosons

MAss ranges
* vector: |

+ Leptophobic vediB B0 osias

n' - B'y » nTn n%(0.62 — 1.00GeV)

O - Ay > etey

. n
* Hidden or dOnr|—<> p—QJOCy)yDnOe%‘(lOMeV < mg < 2my)
e scalar: n") - %S - 3m,n’ > 1S - nEn(ms > 2my)

n") > gra - nyy, Trete”

e Axion-Like Particles (ALP):
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