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Intro

=- Polarization

» First time measurements for three orthogonal polarization
observables

- Induced polarization, P

- Transferred polarization, C, & C,
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Intro

Cascades: Under-Explored

» From an S=0 state, cascades, with S=-2, must be produced
indirectly
- Low production cross sections

- Minimal progress on cascades, experimentally and theoretically

- Unknown production mechanism

- Unknown resonance spectrum: most of those predicted are unobserved

» Polarization is sensitive to the production mechanism

Jason Bono, jbono@fnal.gov
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Intro

= photoproduction

» Only one differential cross section measurement, L. Guo et al.

- Measured 66/60cm and found that = is produced backward
Indicative of t-channel
» Only one existing theoretical model, K. Nakayama et al.
- Production proceeds through the excitation of S=-1 hyperons

- Relativistic meson exchange, amplitudes calculated in the tree-level
approximation from effective Lagrangians

- Reproduced the L. Guo’s 66/60cm

Jason Bono, jbono@fnal.gov
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Intro

612 Data, Collected In 2008

» Circularly polarized photons on an unpolarized 40 cm H2 target
» Ec ~5.7 GeV

- Events with E, up to 5.4 GeV

» Most data collected with longitudinal polarization of P, ~ 70%

- Most data collected with circular polarization, 0.4 <P, < 0.6

Py—0 as E,—0; Py>P. as Ey,— E.
» Electron helicity flipped at 30 Hz
- Photon helicity flipped at 30 Hz

» L=68 pb-1
- 2.6 billion triggers

CLAS Analysis Note: g12 analysis procedures, statistics and systematics, 2017.

Jason Bono, jbono@fnal.gov



mailto:jbono@fnal.gov

Intro
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Event Selection

Outline Of Signal Extraction

» Detect = production- and decay-products

- 2 Kaons carry S=2: simplest production byproducts that conserve flavor

- = =5 A: Branching ratio ~ 99.98%

Require detection of K* K* i in the final state

- Kinematically require missing = and A

» Rarify signal with vertex and timing cuts

» Other filters, such as “fiducial cuts,” were used to estimate
certain systematics

» Out of the 2.6B events, 5143 = = x (A) were identified

Jason Bono, jbono@fnal.gov
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The exact shape is unimportant, as few events > 1cm outside of the target geometry survive
mass cuts

Contamination of background events into the signal is evaluated later, and taken into account
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= [MM (K*K*) -
Xy = [MM (KTK"17) — Appass| 1302,
=[M(A+77)—E, 5] /303,

|

/3071,

mass]

—mass

R < 1 is essentially a 3o cut for all quantities x4 = [M(E —77) = Apass| /304,

_ / 2 2 2
r= X7+ X5+ X3+ Xg,

Increased signal-to-background from “rectangular cuts”
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Event Selection

Binning
» Events binned in CM = angle and beam energy

» Equal statistics
» 3x3 bins for P
» 3+ 3 binsforC, &C,

Binning scheme

12
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Polarization must transfer along a vector
Induced polarization must point along an axial vector

z = y = vector = transferred polarization C,
y =y x K = axial vector = induced polarization P
X =Yy x z = vector = transferred polarization C,
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For P: For Cx and Cz:
o n(6%) = 5(1— Pacosty). o n(07*) = ¥(1 — Cy ,acosbr?).
@ Acceptance is symmetric in @ 30Hz photon helicity flipping.

4 :
cos iz about zero. @ Acceptance independent of
photon helicity.

2A
%H
o

Forward-backward 7= asymmetry.
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Ngc = normalized difference in yield between number of events from hypersphere cuts
and yield from a BG subtracted fit

A simple correction factor, 2 = 1 - Ngs/Notal can be applied in each bin
2~0.9
I:)correc:ted = P/D

1}Entries L 11142 | EA,, (GeV) CcOos 0g'M' D oD
Mean 1.2 3.47 1< cosOSM <1 0.8975 0.0076
LRMS __phazz] 4.09 ~1<coshM <1 08858 0.0081
M(A+n7) 4.88 —1 < cosfSM <1 08418 0.0094
28<E, <55 -0.79 0.8736 0.0085
28 <E, <55 -0.41 0.8797  0.0083
28 < E, <55 0.19 0.8695 0.0085
3.47 20.79 0.8820 0.0143
4.09 0.79 0.9140  0.0122
4.88 -0.79 0.8272  0.0169
3.47 -0.41 0.9102 0.01251
4.09 -0.41 0.8795 0.0149
4.88 -0.41 0.8477  0.0160
3.47 0.19 0.9008  0.0129
4.09 0.19 0.8647 0.0152
4.88 0.19 0.8513 0.0158
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381< E <443 -1<cos(8") <1

Cx =-0.074 £ 0.305

3.81< E,<4.43: -1<cos(6.") <1

Cz =0.589 + 0.253

[+
()

I' P =0.027 + 0.061
2.80 <E, < 5.50
-1.00 < cos(65™) < 1.00
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Example extraction of P Example extraction of C,/,
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Polarization Extraction

Systematics

» Signal contamination (dilution factor)
» Fiducial region of the detector
» Uncertainty in photon polarization

» Uncertainty in the = analyzing power

Final results dominated by statistical uncertainty

Jason Bono, jbono@fnal.gov

17


mailto:jbono@fnal.gov

E, (GeV)
3.47
4.09
4.88

2.8t05.5

2.8t05.5
2.8t05.5

E, (GeV)
3.47
4.09
4.88

2.8t05.5

2.8t05.5
2.8t05.5



mailto:jbono@fnal.gov

—— ps (PRC7406)
— = pv (PRC74'06)
- pv (PRC83'11)
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Total integrated polarization = 0.3 = 0.15

—— ps (PRC7406) ' — ps (PRC7406)
— — pv(PRC7406) _ — — pv (PRC7406)
pv (PRC83'11) pv (PRCB}] 1 )

40 . J -1, 0.5 0.0
Er (GeV) Cos 0z
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Summary

yp = Kt K+ =-

» First polarization measurements for photoproduced =

- P Csand C,
» Total integrated polarization departs from zero by 2¢
- R=0.3=x=0.15

» Results generally agree with K. Nakayama’'s model
- Where = production proceeds via hyperon resonances that are produced,
predominantly in the t-channel, via relativistic meson exchange

» Statistical uncertainty prevents distinguishing the model variants

- Can’t determine the exact role of higher spin/mass hyperon resonance
- CLAS12 & GlueX!

» We've made a first step toward a detailed understanding of =
photoproduction

Jason Bono, jbono@fnal.gov
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BACKUP

Effect of Cuts
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BACKUP

d mixed background
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Simulation Generation

Tuning parameters included:
@ Resonance mass and width
@ Beam energy spectrum

@ Exponential t-slope

t=(p1— p3)® = (p2 — pa)?
p1 p3

p2 P4

Analyzer

G Simulate
VI detector
Events
ll('.('l‘pt-ﬂﬂ(?(‘

Analyzer

tslope Mput

Acceptance
corrected
t-slope

A

Compute
acceptance

Hypothesis: g—‘; = Ae~ 9t
with, o = “t-slope™”

To estimate acceptance effects,
simulated yp — KTKT=" in the t-channel.
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/\/\/\/\:’ ',—‘/ } /1
K K T
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Reconstructed events (rec)
Generated events (gen)
@ Events processed through

@ Pseudorandom four-vectors. i )
1 urv software simulating CLAS.

o Weighting (tuning) from data. @ Similar cuts to data.

@ No acceptance or cuts.
P e Acceptance = rec/gen.
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@  Normatizec Datas wiope

Simulation Data Comparison |
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Acceptance Corrections from

P=-0.010 + 0.106
2.8000 < E, <3.8125
-1 <cos(6") <1

0
-1 08 06 04 02 0 02 04 06 08,1

Cos(6!)

No AC

P =.0.079+0.107
3.8125< E, <4.4335
-1 <cos(6=") <1

-1 08 06 04 02 0 02 04 05 08

Cos(®))

P =-0.039 +0.107
2.8000 < E, < 5.5000

-1.0000 < cos(65™) < -0.61

0
-1 08 06 04 02 0 02 04 06 08, 1

Cos(6})

o
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P=0.130 £ 0.107
2.8000 < E, < 5.5000
-0.6100 < cos(65™) < -0.1

Cos(60})

P =0.005+0.105
4.4335 < E, < 5.5000
-1 <cos(6:") <1

0
-1 08 06 04 02 0 02 04 06 08, 1

Cos(6))

-1 08 06 04 02 0 02 04 06 08, 1

Cos(6)

Simulation
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