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Numbers for 1.98 < fW < 2.06 GeV (Haiyun’s formula)
From 10th figure and 10th point for TK’s data (9th figure and phi ~ 0 for Haiyun’s plot)

P+ = 0.25, p- = 0.162
p1 = 0.785, p2 = 0.779, p3  = 0.78, p4 = 0.775
L1 = 8.621, L2 = 3.831, L3 = 8.685, L4 = 4.147

Cperp = 0.32055 Cpara = 0.322448
s1 = − 0.00469235 s2 = − 0.0164208 s3 = 0.00466129 s4 = 0.0151621
E = 0.321494 D = 0.369661
a1 = 0.00364576 a2 = 0.0127582 a3 = 0.00364209 a4 = 0.0118469
g1 = − 0.0290504 g2 = 0.0658764 g3 = 0.0286883 g4 = − 0.060469
DG = 0.00199611

Y1 = 121 Y2 = 62 Y3 = 217 Y4 = 114

numr1 = 1.15412
numr2 = − 0.0988777
denom = 3.37303

Sigma = nmr1/denom = 0.342162

G = numr2/denom = − 0.0313103

New !
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Yield table for 1.98 < W < 2.06 GeV (TK’s data, 20 bins) (TK’s 10th and HL’s 9th  cos ! bin)

(see TK’s G formulas at page 6 and 7) 

F1: 699 F2: 708 F3: 242 F4:271 (used for flux ratios)

PER +, PAR +, PERP - , PARA -

80 171 34 75

33 73 27 34

138 160 56 70

138 103 58 52

125 84 61 43

18 13 7 6

19 8 6 4

28 28 13 22

13 26 6 13

130 237 68 123

114 263 55 119

47 78 23 33

19 20 2 8

16 4 6 3

29 11 7 3

29 22 18 6

44 29 18 13

30 33 12 19

16 35 12 14

130 240 46 106
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Σ : four equations with different conditions: PERP (⟘), PARA (II) and Ptarget : + , -

4

N⊥+ (φ) = a(φ) F⊥+ { 1 + P⊥+ Σ cos(2φ) − P+z P⊥+ G sin(2φ) }               (1)           PERP, + Target

N||
+ (φ) = a(φ) F||

+ { 1 − P||
+ Σ cos(2φ) + P+z P||

+ G sin(2φ) }          (2)          PARA, + Target

N⊥−  (φ) = a(φ) F⊥− { 1 + P⊥- Σ cos(2φ) + P−z P⊥- G sin(2φ) }                  (3)          PERP, - Target 

N||
− (φ) = a(φ) F||

− { 1 − P||
- Σ cos(2(φ) − P−z P||

- G sin(2φ) }            (4)          PARA, -Target

F: flux,  a(φ): acceptance, P⊥+ : Linear Pol., P+z : target D pol.

(1)/F⊥/P⊥+ /P+z − (2)/ F||
+ /P||

+ / P+z + (3)/F⊥−/ P⊥- /P−z   −  (4)/F||
−/ P||

- /P−z
______________________________________________________________________________________________________

(1)/F⊥/P⊥+ /P+z +  (2)/ F||
+ /P||

+ / P+z + (3)/F⊥−/ P⊥- /P−z  +  (4)/F||
−/ P||

- /P−z

a(φ) x {1/P+z /P⊥+ − 1/P+z /P||
+ + 1 /P−z /P⊥- − 1 /P−z /P||

- + 2/P+z + 2/P−z ) Σ cos 2φ) }             C1 + C2 Σ cos(2φ)
= _______________________________________________________________________________________________________   ➝ __________________

(1/ P+z /P⊥+ / + 1/ P+z /P||
+ + 1/P−z /P⊥- + 1/P−z /P||

- ) x a(φ)                                                       C3
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Σ Plot the following ratios for each !

Input of N: yield, F: flux,  a(φ): acceptance, P⊥+ : Linear Pol., P+z : target D pol.  to  make ratios

N⊥+ /F⊥/P⊥+ /P+z − N||
+/ F||

+ /P||
+ / P+z +  N⊥− / F⊥−/ P⊥- /P−z   − N⊥− /F||

−/ P||
- /P−z

____________________________________________________________________________________________________            for each cos ! bin 
N⊥+ /F⊥/P⊥+ /P+z +  N||

+/ F||
+ /P||

+ / P+z +  N⊥−/F⊥−/ P⊥- /P−z  +  N⊥− /F||
−/ P||

- /P−z
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G : four equations with different conditions: PERP (⟘), PARA (II) and Ptarget : + , -

6

N⊥+ (φ) = a(φ) F⊥+ { 1 + P⊥+ Σ cos(2φ) − P+z P⊥+ G sin(2φ) }               (1)           PERP, + Target

N||
+ (φ) = a(φ) F||

+ { 1 − P||
+ Σ cos(2φ) + P+z P||

+ G sin(2φ) }          (2)          PARA, + Target

N⊥−  (φ) = a(φ) F⊥− { 1 + P⊥- Σ cos(2φ) + P−z P⊥- G sin(2φ) }                  (3)          PERP, - Target 

N||
− (φ) = a(φ) F||

− { 1 − P||
- Σ cos(2(φ) − P−z P||

- G sin(2φ) }            (4)          PARA, -Target

F: flux,  a(φ): acceptance, P⊥+ : Linear Pol., P+z : target D pol.

− (1)/F⊥+ /P⊥+ + (2)/ F||
+ /P||

+ + (3)/F⊥−/ P⊥- −  (4)/F||
−/ P||

-

______________________________________________________________________________

(1)/F⊥+ /P⊥+ +  (2)/ F||
+ /P||

+ + (3)/F⊥−/ P⊥- +  (4)/F||
−/ P||

-

a(φ) x { − 1/P⊥+ +  1/P||
+ + 1 /P⊥- − 1 /P||

- + 2 (P+z + P−z)  G sin (2(φ) }                  C1 + C2 G sin(2φ)

= _______________________________________________________________________________________      ➝ __________________

(1/P⊥+  + 1/P||
+ + 1 /P⊥- + 1 /P||

- ) x a(φ)                                                                     C3

Fit

+ 
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G :  Plot the following ratios for each !

7

Input of N: yield,  F: flux,  a(φ): acceptance, P⊥+ : Linear Pol., P+z : target D pol.  to make ratios

− N⊥+ /F⊥+ /P⊥+  + N||
+ / F||

+ /P||
+  +  N⊥− /F⊥−/ P⊥- −  N||

− /F||
−/ P||

-

__________________________________________________________________________________           for each cos ! bin.
N⊥+ /F⊥+ /P⊥+ +  N||

+ / F||
+ /P||

+ +  N⊥− /F⊥−/ P⊥- +  N||
− /F||

−/ P||
-

+ 
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B FITTING ⌃cos(2�) AND Gsin(2�) 40

φAzimuthal Angle 
3− 2− 1− 0 1 2 3

2−

1.5−

1−

0.5−

0

0.5

1

)φ Cos(2Σ
 / ndf 2χ  16.18 / 23

Prob   0.8474
p0        0.0814± 0.604 

 / ndf 2χ  16.18 / 23
Prob   0.8474
p0        0.0814± 0.604 

)φ Cos(2Σ

φAzimuthal Angle 
3− 2− 1− 0 1 2 3

3−

2−

1−

0

1

2
)φ Cos(2Σ

 / ndf 2χ  17.22 / 23
Prob   0.7982
p0        0.054± 0.465 

 / ndf 2χ  17.22 / 23
Prob   0.7982
p0        0.054± 0.465 

)φ Cos(2Σ
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3

)φ Cos(2Σ
 / ndf 2χ  24.44 / 23

Prob   0.3798
p0        0.0452± 0.4386 

 / ndf 2χ  24.44 / 23
Prob   0.3798
p0        0.0452± 0.4386 

)φ Cos(2Σ
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3

)φ Cos(2Σ
 / ndf 2χ  34.46 / 23

Prob   0.05875
p0        0.0417± 0.3301 

 / ndf 2χ  34.46 / 23
Prob   0.05875
p0        0.0417± 0.3301 

)φ Cos(2Σ
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)φ Cos(2Σ
 / ndf 2χ  12.25 / 23
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 / ndf 2χ  12.25 / 23
Prob   0.9664
p0        0.0502± 0.3767 

)φ Cos(2Σ

Figure 35: Fitting ⌃ with W from 1980 - 2060 MeV at di↵erent angle of pion in the
center-of-mass frame. The di↵erent panels denote bins in cos(✓⇡): -0.69 to -0.54, -0.54 to
-0.38, -0.38 to -0.23, -0.23 to -0.08, -0.08 to 0.08, 0.08 to 0.23, 0.23 to 0.38, 0.38 to 0.54,
0.54 to 0.69, 0.69 to 0.85, and 0.85 to 1.00.
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Comparisons of two data sets and two fomulas ( Σ, HL’s 8th bin)
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Comparisons of two data sets and two fomulas ( Σ, HL’s 8th bin)
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P0 = 0.0365686 0.0269981

p1 = -0.230817 0.0356605

By Tsuneo
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p0 = -0.113661 0.0268068
p1 = -0.416316 0.0334397

HL data - TK formula
p0 = 0.0315351 0.0183368

p2 = -0.34658 0.030086 TK data - HL formula
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! !
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B FITTING ⌃cos(2�) AND Gsin(2�) 40
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)φ Cos(2Σ
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)φ Cos(2Σ
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Figure 35: Fitting ⌃ with W from 1980 - 2060 MeV at di↵erent angle of pion in the
center-of-mass frame. The di↵erent panels denote bins in cos(✓⇡): -0.69 to -0.54, -0.54 to
-0.38, -0.38 to -0.23, -0.23 to -0.08, -0.08 to 0.08, 0.08 to 0.23, 0.23 to 0.38, 0.38 to 0.54,
0.54 to 0.69, 0.69 to 0.85, and 0.85 to 1.00.

Comparisons of two data sets and two fomulas ( Σ, HL’s 9th bin)

HL data - HL formula
p1 = -0.444021 0.0462679

TK data - TK formula

p0 = -0.0218922 0.0255935

By Haiyun
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p0 = -0.113661 0.0268068

p1 = -0.416316 0.0334397HL data - TK formula
p0 = 0.0315351 0.0183368

p2 = -0.34658 0.030086 TK data - HL formula
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Comparisons of two data sets and two fomulas ( Σ, HL’s 9th bin)

TK data - TK formula p1 = -0.444021 0.0462679

p0 = -0.0218922 0.0255935

HL data - HL formula p2 = -0.327503 0.0282238
p0 = 0.039184 0.0224053

By Tsuneo
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B FITTING ⌃cos(2�) AND Gsin(2�) 45
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Figure 40: Fitting G with W from 1980 - 2060 MeV at di↵erent angle of pion in the
center-of-mass frame. The di↵erent panels denote bins in cos(✓⇡): -0.69 to -0.54, -0.54 to
-0.38, -0.38 to -0.23, -0.23 to -0.08, -0.08 to 0.08, 0.08 to 0.23, 0.23 to 0.38, 0.38 to 0.54,
0.54 to 0.69, 0.69 to 0.85, and 0.85 to 1.00.
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Comparisons of two data sets and two fomulas ( G, HL’s 8th bin)
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Comparisons of two data sets and two fomulas ( G, HL’s 8th bin)
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Figure 40: Fitting G with W from 1980 - 2060 MeV at di↵erent angle of pion in the
center-of-mass frame. The di↵erent panels denote bins in cos(✓⇡): -0.69 to -0.54, -0.54 to
-0.38, -0.38 to -0.23, -0.23 to -0.08, -0.08 to 0.08, 0.08 to 0.23, 0.23 to 0.38, 0.38 to 0.54,
0.54 to 0.69, 0.69 to 0.85, and 0.85 to 1.00.
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HL’s data with Haiyun’s formula (1.98 < fW < 2.06 GeV, TK’s 10th bin, Haiyun’s 9th bin)
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Comparisons of two data sets and two fomulas (G, HL’s 9th bin)
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Comparisons of two data sets and two fomulas (G, HL’s 9th bin)
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Annalisa’s formulas

Target +

Target +

Target  −

Target  −
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Comparisons of two data sets and different formulas for Σ
(High lighted for HL’s 8th and 9th bins)
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Comparisons of two data sets and two formulas for Σ
(Expanded view for HL’s 8th and 9th bins)
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Comparisons of three formulas for G -- Consistent results from three formulas
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Summary

1. For  Σ, on 1.98 < W < 2.06 bin, results for HL’s 8th and 9th bins are consistent for HL and
TK’data and different formulas and reproduce g13 results.

Asymmtries do not depend on formulas.

2. For  G, on 1.98 < W < 2.06 bin, asymmtries don’t depend on formulas.

3. Expect Haiyun’s final results including constant parameters in the fits.
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Comments

1. Systematic error bands in HL’s results could be on different location.

2. To rebin for W could be a possible option.

−
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−

2.3 Yield extraction 9

cut. It leaves a set of exclusive production events for the next steps of analysis. The
azimuthal angle di↵erence distribution confirms this by displaying two isolated peaks at
±⇡ rad, which is consistent with the two-body reaction assumption.

2.3.3 Beam polarization selection

Coherent Edge-Beam Energy (GeV)
0.2− 0 0.2 0.4 0.6 0.8 1

)
2

W
 (

G
e
V

/c

1.85

1.9

1.95

2

2.05

2.1

2.15

2.2

0

200

400

600

800

1000

W VS Distance to Coherent Edge

(a) W versus the di↵erence between coher-
ent edge and photon energy.
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Figure 5: Dependence of W on the di↵erence between coherent edge and photon energy.

The linearly polarized photon beam was produced by coherent bremsstrahlung. The
diamond crystal radiator is carefully aligned to the electron beam. This way, a large flux
of linearly polarized photons is produced at a specific energy (so-called ”coherent edge”),
which depends on the crystal orientation. The polarization and the polarized photon
flux drop sharply at photon energies above the coherent edge and decreases less rapidly
below the coherent edge. The degree of polarization was not measured directly. Instead, a
theoretical model is fitted to the measured intensity distribution of tagged photon energies
and used to extract the coherent edge and photon polarization [10]. As shown in Fig. 5a,
there are three bands corresponding to three setups of coherent edges: 1800, 2000, and
2200 MeV. The uncertainty of the extracted photon polarization increase greatly when
the photon energy is further away from the coherent edge. The polarization itself also
decreases when the photon energy is more distant from the coherent edge. Therefore,
a request was set requiring the di↵erence between the photon energy and the coherent
edge value to be smaller than 150 MeV if W>1980 MeV, to be smaller than 250 MeV for
1900 MeV < W < 1980 MeV, and to be smaller than 400 MeV for W < 1900 MeV as
shown in Fig. 5b.


