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A\ resonances 3

P-wave A resonance (S =1/2, [ = 1)
— Spin-orbit partners: A(1405)(1/2)~, A(1520)(3/2)~

Non-relativistic constituent quark models
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— Exotic state such as a hadron molecule?




Two-pole structure of A(1405) 4

Scattering amplitude of | TE\ELKM A(14053) electroproduction at CLAS el1f experiment
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"0, - There are evidences that supports two-pole
Two poles couple to different hadron molecules structure, but no size information
ls there any evidence of that structure? « No Q2 slice due to statistics limitation— Size of

the molecule states?



Feynman diagrams of A* electroprodction
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Include A* Dirac and Pauli form factor

using charge rms radii by ChUM
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Electroproduction of A* at W = 2.4 GeV
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There should be Q2 dependence of the
cross section if form factor is as predicted

My research is to get information about
A\* size by Q2 dependence
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CLAS12 at JLab
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Nuclear Inst. and Methods in Physics Research, A 959 (2020) 163419

CLAS upgraded detectors, CLAS12 specs:
+ |uminosity ... 10°°cm™2s~!
+ Coverage ...5°< 0 <35 @FD, A¢p =2r

+ momentum resolution ... 6,/p ~ 0.7 %

*+ streaming data taking ... 15 kHz
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What is Run Group K experiment?

Run Group K encompasses the following three approved experiments, which share the same CLAS12
configuration and address complementary aspects of strong QCD:

e K12-16-010 - A Search for Hybrid Baryons in Hall B with CLAS12

e £12-16-010A - Nucleon Resonance Structure Studies Via Exclusive KY Electroproduction

e E12-16-010B - Deeply Virtual Compton Scattering with CLAS12 at 6.6 GeV and 8.8 GeV

Dataset summary of RG-K
Run Period Beam Energy Target Collected Charge Calibration

(GeV) (mC) status
Spr2024 6.394 LH: 91.35 Not yet
Spr2024 8.477 LH: 81.77 Not yet
Dec2018 6.535 LH: 18.23 Done
Dec2018 7.546 LH: 10.77 Done
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Using 6-GeV datasets of 2018, started to research on A* electroproduction. After 2024 datasets

calibrated, I'm going to integrate all data.



Y* electroproduction

Event Selection 3
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Selection Steps

v Final state selection ... Select {e/, K™, 7™, p}
v Z-vertex cut ... Vertex peaks with 3o range

v PID cut ... Good identification for mom vs ATOF
v' Missing particle cut ... Missing 7V peak with 30 range

vY cut ... Missing X1 peak with 3o range
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Comparison with previous study 9
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Background estimation in progress

Resonant backgrounds

2(1385)

K++Z(1385)—>K++A+7Z'O—>K++p+ﬂ'_+(7t0)
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Other backgrounds

Non-resonant
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Summary

« N\* electroproduction at CLAS12
+ A(1405/1520) are spin-orbit partners and A(1520) can be explained by CQM
+ A(1405) is supposed to have two-pole structure, but no size information obtained

+ CLAS12 has high luminosity, high statistics

» Analysis
+ Event selection was performed and checked the consistency with previous data

4+ Background estimation is ongoing
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PID cut

« Purpose
+ Remove the events near particle boundary regions

+ Events of all particles(e,K,p,pi-) are applied

Use momentum dependence of 5t — (t,,each — tsm,,t) —

+ Slicing momentum and Project to O,

4+ Fitting the peak with gaussian — Plot 30 points
4+ Boundaries of 6th-order polynomial by fitting 3o points

[
cfp(p)
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PID cut for all particles (data) 1
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PID cut for all particles(simulation)
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PID cut (data)
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Total events processed
After final state selection

After Z-vertex cut

After PID cut

After Missing Particle cut
After Sigma cut

Survival ratio

5000000| 100.0000
43571| 0.8714
39555| 90.7829
35003| 88.4920
19855| 56.7237
19749| 99.4661

21

Survival ratio using A(1405) simulated data

Selection Step Event Count Efficiency Survival ratio
No cut 5.00 M 1.0
Final state 43.6 k 0.008 0.0087
Z-vertex 39.6 k 0.90 0.0079
PID 35.0 k 0.88 0.007
Missing particle 19.9 k 0.57 0.004
> 19.7 k 0.99 0.0039
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A band and >+ band can be seen
Events of A(1405) and 2(1385) overlaying

— Difficult to separate them by using only cuts

Simulation estimation is needed
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Non-resonant events

MM for A(1405) after =° Gutes 21cs MM for A(1405) after =" Cut
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« Simulate non-resonant events
« Subtract K*O events in advance

 Fitting to adjust higher-mass tail ([2.2, 2.4] GeV)

with simulated shape

Other backgrounds

Accidental events

AlroF ok
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At TOF ofe'and K

L] L) g

Atror g+ [ns]
s -

-1C

Atrop [ns] Atror. [ns]

AtTOF — tt tmom. — (thit o tvertex)

ime ,B
CPmom.

—True events are centered around O ns

ATOF correlation between ¢’ and K+

4+ Another bunch clusters can be seen

*+ (Acc. coin. events) / (true coin. events) ~ 107> —
The accidental events are negligible
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Generator: clas12-elSpectro

GEMC & COATJAVA: latest version

Compare kinematics of experiment
and A(1405) simulation

Simulated kinematics doesn’t match
well

—Effect on background shape of non-
resonant events

Need to adjust it



