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Motivation

* Nucleon Resonance Spectrum
e Status of N* in Particle Data Group 2016
* The need of yp -> K°2* Channel



Motivation : Nucleon Resonance Spectrum

Mapping out the whole spectrum of resonances is very important to understand :

 How does the behavior of quarks determine the properties of

hadrons?
 How does the quark dynamics give rise to the spectrum of hadrons?

 What are the fundamental degrees of freedom inside hadrons?

CQM+flux tubes Quark—dlquark
clustering

And many more : Lattice QCD, Hybrid Baryons, Holographic QCD, ...

Baryon-meson
system




Motivation : Nucleon Resonance Spectrum

In particular the N* resonances play significant role on the evolution of the universe
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Complete spectrum of resonances are required
to explain the transition, including resonances
with the strangeness content.



Status of N* in PDG 2016 e
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- Frstence 12 certain, and properties are at least fairly well explored.

COUFtesy Of E PaSYUk - Fmstence 1z very hkely but further confirmation of decay modes

i required.
- Evidence of existence s only fair.
- Evidence of existence = poor.




Why The yp -> K°2* Measurement From CLAS Are Important ?

Parameter constraint through Isospin related

channel.

gKs+p = V
P

Lack of the charge hyperon (2*) data in
comparison to the neutral hyperon.

2

JK+x0p

L

Observable Niata x© 1'2,-“."-.-}:__.“_1
alvp — AKT) 720 804 1.12
alvp — AK™) 770 1282 1.67
P(vp — AK™) 202 374 1.85
E{vp— AKT) 45 62 1.42
alyp— E'KT) 660 834 1.927
alyp— X'K*) 782 2446  3.13
P(yp — E'K+) 05 166  1.76
Elp—E'K*) 45 M 0.46
7lyp — LTKY) 48 104 23
@ “y 120 109 04

The photoproduction of KY data used in

BnGa PWA fit.

Cleaner probe to s-channel resonances
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Address the discrepancy issue on previous CLAS
measurement.

The charged hyperon channel is important to
disentangle contributions from N* and A*
resonances.

Av+p= K+ X)) = 2 {A;f?) —1 A{m}J
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The high energy data is required for Regge
Plus Resonances (RPR) model -> Available
from CLAS-g12
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The channels involved in Kaon production
(as well as n) give the opportunity to assess
the validity of the SU(3) symmetry of the
qguark model in describing the decay of the
resonances
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Investigate the anomaly (sudden drop) seen
on previous measurement
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The anomaly seen in the total cross section
of yp -> K°2* from CBELSA/TAPS
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“The goal of this analysis are to measure the
differential cross section and the recoil polarization

of yp -> K%2* from CLAS-g12“

gl2 Experiment :

Electron Energy 5.7 GeV i

Cerenkov

Electron Degree of 67.2 %

Polarization

Tagged Photon Energy 1.1 -5.45 GeV

Target Material Liquid Hydrogen

Target Polarization Unpolarized /

Photon Polarization Circular Tine ok DMSEh0n Hectromagne e

The g12 experiment provide high statistic and high energy data !
CEBAF Large Acceptance Spectrometer (CLAS)



Data Analysis

We have t'itmt® in the final state since :
vp -> KOZ* >t>prd

KO -> it

The preparation of the final states have been
presented on previous CLAS meeting.

The signal-background separation was done
using event-based Q-factor method (backup
slide)

>*->p n° decay via parity violating weak
interaction. We can access the recoil
polarization of the 2*

The recoil polarization P can be expressed as

L 2 ..-\rrup — ;E\ngurn

¥ :\U-]‘J —|_ _::I\!'Idgurn

P

Up and down defined from the proton
momentum vector in the 2* rest frame and
the production plane.

P P
v AAAAA
>
"IIO

Production Plane



Result and Discussion

Preliminary results and comparison with previous measurement from:

e CBELSA/TAPS
e C(Cristal Barrel
« C(CLAS-gl1

Quality Check of the results



Differential cross section of yp -> K°Z*
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The figure shows the differential cross section of yp -> K°Z* from CLAS-g12 (BLACK) in
comparison with the previous measurement from CBELSA/TAPS (BLUE) and Cristal Barrel (RED) 12



Differential cross section of yp -> K°Z* at forward angle

do/dQ

0.04

0.02

The figure shows the differential cross section of
vp -> K°2* at forward angle from CLAS-g12. The
transition is smooth, no sudden drop is observed.
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The Recoil Polarization of 2t
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The Recoil Polarization of 2*
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The figure shows the Recoil Polarization of
>*from CLAS-g12 (RED) in comparison
with the previous measurement from
CBELSA/TAPS (BLUE)
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The figure shows the differential
cross section of yp -> K°2* from
CLAS-g12 (TOP : BLUE) in
comparison with the previous
measurement from CLAS-g11
(BOTTOM : RED).

Disagreements are clearly seen!

PRELIMINARY !
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The figure shows the Recoil
Polarization of yp -> K°2* from
CLAS-g12 (RED) in comparison
with the previous measurement
from CLAS-g11 (BLUE).

Disagreements are also seen!
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Quality Check of The Results

Cross section is proportional to the number of events normalized by flux and acceptance
correction.

The quality of the cross section depends on the quality of :
* Signal-Background separation

 Monte Carlo simulation

 Normalization

We check the quality of the signal-background separation by performing event based Q-
factor method both on the Sigma (M _0) and Kaon (M ,+,-) peak.

The overall quality of the normalization and the Monte Carlo simulation can be studied
using two others channel that share the same final states : yp -> pw/pn/ K°2* -> prttmrn®
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do/dcost (ub)
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Differential cross section of yp ->pw
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do/dQ [ub]

Differential cross section of yp ->pn
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The figure shows the Differential
cross section of yp ->pn (BLACK)
from CLAS-g12 in comparison
with the previous measurement
from CLAS-g11 (RED)

In general, both cross sections
are in a good agreement
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Ssummary

* We have obtained the high statistic differential cross section and the
high statistic recoil polarization of yp -> K°2* from CLAS-g12.

* The preliminary results show a fair agreement with previous
measurement from CBELSA/TAPS and Crystal Barrel but clear
disagreement with previous measurement from CLAS-g11.



Outlook

“Analysis Note is Coming (Very) Soon!”



THANK YOU



Backup Slide

 Update on the yp ->pn and yp ->pw Channels
e Data Analysis : Event Based Q-factor Method



Differential cross section of yp ->pn at High Energy
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Polarization Observable E

The double polarization observable E of yp -> pw

The figure shows the polarization observable E

along with the Bonn-Gatchina Partial Wave from CLAS-FROST at 1.1 — 2.3 GeV (red point)
Analysis result along with the Bonn-Gatchina PWA fit result
(solid line), in comparison with the previous
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Status as seen 1n
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Data Analysis

e Signal-Background separation using Q-factor methods
a. Locating the peak
b. Define kinematic distance to find nearest neighbor
c. Fit using signal and background pdf
d. Determine the signal/background fraction and Q-value

* Normalization

a. Detector Acceptance (Monte Carlo simulation)
Photon flux normalization

Trigger simulation

Multiple photon correction

oo T



Locating the peak/coordinate reference

X

—h

o
W

Since n/w -> t'rm® ,we use the M, as the
coordinate reference for the yp -> pn/w
channel.

Counts
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Since yp -> KOZt—— 3*->p nt° 120

., KO-> e

We use the M as the coordinate reference 100

for the yp -> K°2* channel after applying a cut
on sigma region.
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Locating the peak/coordinate reference

Counts
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Q-factor methods

Kinematic distance cos62,
cosOyg;

PHEL

A
PLab
Number of neighbor 1000
Signal pdf Voigt function
Background pdf 272 order Chebyshev
polynomial

cos) cos6k
cosOygr cosOygr
PHEL PHEL
A E,
PLab PLab
coSOks
1000 300
Bifurcated gaussian Gaussian
274 order Chebyshev 272 order Chebyshev
polynomial polynomial

Notes : A is a property of a vector meson. It is proportional to the decay amplitude and

a function of pion momentum and kinetic energy.
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Q-factor methods : Fit example

Events /(2.5 MeV)
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cl=0.12 £0.11
- signalfraction = 0.185 + 0.058
— Q = 0.0654 Qerr = 0.0448 v_sigma =49 +1.4
L seed = 486.4 :
= chi2 = 0.545
-
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Fit example for a K° event.
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Counts

Data Analysis : Q-factor result for K° (E;, =1.95 GeV & 2.35 GeV)
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