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A — A Production

FIG. 1. Kinematics of the reaction ete= — J [ — AA in
the overall center-of-mass system. The A particle is emit-
ted in the % direction at an angle 5 with respect to the e™
direction, and the A is emitted in the opposite direction.
The hyperons are polarized in the direction perpendicular
to the reaction plane (§). The hyperons are reconstruct-
ed, and the polarization is determined by measuring their
decay products: (anti-)nucleons and pions.



A — A Production

W(E; g, AP a0y ) =1 + aycos®dy

+ a_aL [sinzgn (11 2122 — Qpny yna ) + (005293\ + a-L.-,) nlznglz]

+ a_apy/1— ay? cos(AD)sinly cos Op (11 N2z + Ny N2 y)

+4/1 — a2 sin(AP) sin fp cosOp (a_ny , + oyna ),



N Weak Decay Parameter

TABLE I. Summary of the results: the J/v — AA angular
distribution parameter a,,, the phase A®, the asymmetry
parameters for the A — pr~ (a-), A = prt (ay) and
A — an® (o) decays, the C'P asymmetry Acp, and the
ratio ép/a4. The first uncertainty is statistical, and the
second one is systematic.

Parameters This work Previous results
Qo 0.461 + 0.006 £0.007  0.469 £ 0.027 [25]
Ad (42.4 + 0.6 :I:ﬂ.5)°

[ 0.750 £ 0.009 £+ 0.004 {]ﬁleﬂ:ﬂDl‘%

e —0.758 £ 0.010 £ 0.007 —0.71 £ 0.08

fp —0.692 £ 0.016 £+ 0.006

Aecp —0.006 £0.012 £ 0.007  0.006 :I: 0.021 [27]

g /oy 0.913 £0.028 £0.012




N Weak Decay Parameter

TABLE I. Summary of the results: the J/v — AA angular
distribution parameter a,,, the phase A®, the asymmetry
parameters for the A — pr~ (a-), A = prt (ay) and
A — an® (o) decays, the C'P asymmetry Acp, and the
ratio ép/a4. The first uncertainty is statistical, and the
second one is systematic.
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Consequences for Observables
from g8 and glc?



Fierz Identity for LUY plus CUY

Experimental Polarization Configurations:
LUY: Linear photon beam; unpolarized target; measured recoil

Intensity:
1+ a_cost,P—{X+a_cosb, T} P cos2(a— ¢)
+ {a_ cos 0,04 + a_ cos0,0,} P/ sin2(a — ¢)
CUY: Circularly photon beam; unpolarized target; measured recoil

Intensity:

1+ a_cos,P + (a_ cos0,Cyx + o cos§,C,) P/

Fierz identity connecting two experiments:

02+02+C2+C +X>—T*+P?=1
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rz ldentity Values for Scaled Data
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Fierz ldentities as a Statistical Ensemble

Generate pseudodata:

e Pick random point in amplitude space

Calculate observables from amplitudes

Treat observables as independent and adjust value by a random

number sampled from A(0, o),
Single polarization observables have ¢ € [0.01, 0.05]

Double polarization observables have 3 x o

Writing
F=0,+0+C’+C°+X>—T° +P?

Also define pull as
F-1

OF
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Key Result: Histogram of Fierz Iden
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Key Result: Histogram of Fierz ldentities
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Key Result: Histogram of Fierz ldentities
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Key Result: Pulls of Fierz Identities
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Key Result: Pulls of Fierz ldentities
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Key Result: Pulls of Fierz Identities
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Key Result: A Polarization from CLAS Data
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Key Result: A Polarization fr
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Key Result: A Polarization fr
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Consequences for Fitting
Observables from g8 and glc?




Using New Weak Decay Parameter for Jiilich-Bonn Fits

Observable |x?/n (JiiBo2017)| x*/n (Refit)

(# data points) lunscaled scaled |unscaled scaled

do/d) (421) | 265 265 | 1.11  0.96
S (314) 500  5.00 | 255 248

T (314) 196 300 | 1.75  1.29

P (410) 149 091 | 1.84 1.28

Cy (82) 199 156 | 215  1.30

C. (85) 195 112 | 158 1.34

O, (314) 163 200 | 1.44  1.18
0. (314) 162  1.64 | 1.34 1.23

all (2254) 2.33 238 | 167 1.37
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Measuring o from g8 and glc
data?




Likelihood Function

Define function
F(a,l,c) = a°P (03 + 0,2 — T?) + 2°c? (2 + C,2) + X% + 2P,

where a, I, ¢ are the relative calibrations (i.e. systematics) for a_, linear
photon polarization and circular polarization, resp.

Likelihood of obtaining data O; in i-th bin, given a,/,c is

1 1 / _1\?2
(01 = L o (Z2£DZ1)

V2m OF OF
assuming observables are independent and identically distributed

(gaussian).

For observables from N bins:
N

Peot ({0i} | a,1,¢) = [[Pi (O | a1, )

i=1
i.e. the probability that the observables obey Fierz identity

22



Likelihood Function

o Use Markov
Chain Monte
Carlo

e Most probable

values not

reasonable!
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Include knowledge of calibrations

Calculate posterior PDF from likelihood and prior:

Pi(a,l,c| O;) xPi(0; | a,1,¢)Pi(a,l,c)

e Impose a_ >0

e Quoted systematic uncertainties in PAL/ are 3-6% (use 5)

e Quoted systematic uncertainties in Pf are 2% (use 2%)

e Which PDF to use? Gaussian N(1,5)? Uniform U(1 — 0,1+ )7

24



Gaussian Prior

e Posterior looks
nice!

e Most probable
value of /

questionable!

Q- cb“‘
Q"

T T T
A O ”J b ’1» ‘b > © O > ®
QQ’ Qo" © [\ (\ Cb Q%Q‘b '\'Q ‘\/'Q ’\'Q

a 1 C

Q
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PDF for o_ (gaussian prior an arginalize over / and c)

b mmm PDF of a- from CLAS data
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Uniform Prior

Posterior in /
and ¢ does not
look nice!

Most probable
values are

reasonable!
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PDF for o_ (uniform prior inalize over / and

70
PDF of a- from CLAS data
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Conclusions




Conclusions

Source  Value

PDG 0.642 + 0.013
BES Il 0.750 + 0.009 + 0.004
0.747 £ 0.006 (uniform)

CLA
> 0.731 + 0.014 (gaussian)

e New BES lll result for a_ is 17% higher than PDG value
e Affects all recoil observables relying on A weak decay

e CLAS data corroborates BES result

e Previous physics interpretations are ~ safe

e Preliminary calculation shows CLAS data can independently
determine ar—

e More checks and cross-validation to do...
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Gaussian Process Interpolation

mean surface and mean+2o
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Using Gaussian Process to Interpolate glc to g8 Bins: C,

wh

s g
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Using Gaussian Process to Interpolate glc to g8 Bins: C,
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MCMC Chain - no prior
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MCMC Chain - gaussian prior

1.044

0.96-

0.88+

0.80+

1.201

|
1.124

© 1.044
0.96-

0.88-

T

500 1000 1500 2000

0
MCMC Time Step 2



MCMC Chain - uniform prior
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