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|MBH+B |× |MDR| + |MDR|2

]
.

|MBH+B|
|MBH+B | × |MDR| |MDR|

W Q2 θ∗ φ Λα Λβ

W 0.94 1.28 0.02
Q2 2 0.8 1.2 0.1
θ∗ 90 180 10
φ 5 15 30 180 30
Λα 0.6 1.8 0.2
Λβ 0.3 0.9 0.3

φ

W = 1.28

dσBH+B = |MBH+B|2 .

d M2
X



µ

dP
P0

φcible θcible Ycible
dP
P0

φcible θcible Ycible

×10−4 ×10−4

0 0 1.00 0 2.00 1.00 2.00 0
0 0 1.00 0 2.00 1.00 2.00 0
0 0 1.00 0 2.00 1.00 2.00 0
0 0 1.35 0.30 2.75 1.35 2.75 0.30
0 0 1.30 0.50 2.70 1.30 2.70 0.50
0 0 1.65 0.33 3.30 1.65 3.30 0.33
0 0 1.80 0.33 3.60 1.80 3.60 0.33
0 0 1.80 0.33 3.60 1.80 3.60 0.33
0 0 1.65 0 3.30 1.65 3.30 0
0 0 1.80 0.66 3.60 1.80 3.60 0.66
0 0 1.80 0.66 3.60 1.80 3.60 0.66
0 0 1.80 0.66 3.60 1.80 3.60 0.66
0 0 1.80 0.66 3.60 1.80 3.60 0.66
0 0 1.50 0.66 3.00 1.50 3.00 0.66



d



            

Wc

Wacc1 Wacc2

WC

WACC1 WACC2

WC R = − WC
WACC1+WACC2



Ycol, Xcol

− 29 < Ycol < 29 mm,

− 58 < Xcol < 58 mm.

δP

P
< A + B · φtg + C · Y 2

tg,

δP

P
< A − B · φtg + C · Y 2

tg,

A = 0.17 B = 6.0 −1 C = −23.15 −2

A

1.3



dP
P0

φcible

Ycible = 0

π0

I(A)
A Q2 = 1.0 2

W W = [1120 − 1380] W = 1380 − 1540] W = [1540 − 1800]



Ycible φcible

Ycilbe/φcible

Ycible φcible

γ
π0



φcible Ycible φcible Ycible

−0.0272 +0.0000 +0.0320 +0.0050
−0.0230 +0.0190 −0.0300 +0.0305
+0.0080 +0.0221 −0.0170 +0.0500
+0.0332 −0.0070 +0.0300 −0.0030
+0.0285 −0.0320 +0.0270 −0.0245
+0.0050 −0.0361 +0.0134 −0.0460

Ycilbe φcible

d

− 0.003 < d < 0.003 m

WC

S5

T5 PS5

CTMacquisition =
S5

T5 × PS5
.



1.184 1.167 1.183 1.082 1.132 1.128 1.050

1.128 1.140 1.147 1.161 1.172 1.166 1.163

∆(1232)

W

0.1

i j 5 × 6 2

S1 S2 E1,2

Si

Ei(i,j) = 1 +
N(T2.S̄i) × PS2

N(T5) + N(T1) × PS1 + N(T2.Si) × PS2
.



N(T2.S̄i)

Si i j

No 6.023.1023 −1

θp

σ(Pp) Pp

φcible
2 = 3.175

tparoi = 0.0175

tvide = 0.0406

tair = 58.0

tspec = 0.0178



            

Fcor = 1 +

[
.0072φcible

2 + 2.7tparoi

sin θp
+ 2.7tvide + .0013tair + 1.4tspec

]

Noσ(Pp).

Fcor

W

1.015 1.016 1.017 1.015 1.017 1.017 1.019

1.019 1.020 1.021 1.023 1.025 1.027 1.030



ρ(I) = ρ0 × [1−
2.10−4I] I µ

M2
X = B2 −−→

PR
2
.

B = 30 PR = 30 M2
X = 0 2

−
−

r =
NV CS

NElastic
=

T5V CS

T1 × PS1
.

1.10−4 1.10−5

1.10−5

2 2 2



N2

O2

CO2

Ar
H2O

σel Z

σquasi = Z × σel.

(2.0 ± 0.6) 10−4



±1%

π0

W

π0 γ



−5000 < M2
X < 5000 2

π0

π0

[N(π0)EXP ]<γ> = [N(π0)SIM ]<γ> × [N(π0)EXP ]<π0>

[N(π0)SIM ]<π0>
,

< γ > −5000 < M2
X < 5000 2

< π0 > 10000 < M2
X < 50000 2

N(π0)EXP π0

N(π0)SIM π0



−0.01 −0.03 −0.05 −0.27 −0.40 −0.44 −0.63

−0.32 −0.33 −0.38 −0.59 −0.93 −1.51 −1.67

π0

−5000 < M2
X < 5000

W

π0

π0 γ

M2
X

γ

π0

−20000 −10000 2 −0.3 −9.2

W

−0.3 −0.4 −0.5 −0.9 −1.5 −1.0 −5.9

−3.7 −3.2 −2.2 −2.5 −1.9 −9.2 −1.1



Wi Wi W c
i = 1

W f
i = −R R

W f
i

W eff
i

W tm
i

W cor
i

Nexp =
N∑

i=1

Wi × W eff
i × W tm

i × W cor
i .

∆Nexpi = Wi × W eff
i × W tm

i × W cor
i ×

√
Ni,

∆N2
exp =

N∑

i=1

(Wi × W eff
i × W tm

i × W cor
i )2

Nc

Nf

Nexp =
Nc∑

i=1

W c
i +

Nf∑

i=1

W f
i = Nc − R · Nf



∆Nexp =
√

∆N2
c + R2∆N2

f =
√

Nc + R2Nf =

√√√√
N∑

i=1

W 2
i .

π0 N exp
γwindow

N sim
γwindow(π0)

N exp
π0window

N sim
π0window(π0)

N exp(γ)

N exp(γ) = N exp
γwindow − N sim

γwindow(π0) × N exp
π0window

N sim
π0window(π0)

,

∆Nexp(γ) =

√√√√(∆N exp
γwindow

)2
+

(

∆N sim
γwindow(π0) × N exp

π0window

N sim
π0window(π0)

)2

,

∆N sim
π0window(π0) ∆N exp

π0window

∆Nexp(γ) =

√√√√√
∑

γwindow

W 2
exp +

∑

γwindow

W 2
sim(π0) ×

[ ∑
π0window Wexp∑

π0window Wsim(π0)

]2

.



< ±
± ±

− ± − ±
− ± − ±
− ± − ±
− ± − ±

± ±
± ±
± ±

− ± − ±
0.931 ± 0.931 ±

M2
X ±

±4.0% ±3.8%
±8.3% ±7.3%



π0

u

π0

W Q2 cos θ∗ φ

π0

W ≥ 1.7 θ∗ ≥ 160◦

∆(1232)



d2σ
dΩ∗ π0

W

Q2 = 1.0 2 cos θ∗ = −0.975 φ

15 45 75 105 135 165 dσsim

∆(1232) W = 1.4

φ

W Q2

dσexp ± ∆σexp φ W

∆W = 20 cos θ∗ Q2 = 1.0 2

χ2
φ

χ2
φ =

∑
[
dσexp − (a + b cos φ+ c cos2 φ)

∆σexp

]2

,

a b c

dσT + ε · dσL = a +
c

2
,

dσTL =
b

√
2ε(1 + ε)

,

dσTT =
c

2ε
.

2.3% a



W Q2 = 1.0 2 cos θ∗ = −0.975 φ
15◦ 45◦ 75◦ 105◦ 135◦ 165◦

∆(1232)
W



φ π0

W Q2 = 1.0 2 cos θ∗ = −0.975

a b c
φ a + b cosφ+ c cos2 φ



dσT +ε ·dσL dσTL dσTT W

cos θ∗ = −0.975 χ2
φ

W

∆(1232)

W σT + ε · σL

σTL W = 1.6

E2− S2−

θ∗

∆(1232) REM = E2
M1

RSM = C2
M1

RSM

σTL

Q2 REM

RSM σTL

S0+ S11(1535)

W = 1500 S2− D33(1700) W = 1650

σT + ε · σL σTT

M2− D33(1700)

W



γ∗p → pπ0 cosφ Q2 = 1.0 2

cos θ∗ = −0.975 σT + εσL σTL σTT χ2
φ

φ W

χ2

N∗ ∆



N∗

10−3/mπ 10−3/mπ 10−3 GeV−1/2

P33(1232) M̃3/2
1+ 20.0 19.0 ± 0.4 A3/2 −137.0 ± 3.4

Ẽ3/2
1+ −0.434 −0.38 ± 0.17 A1/2 −72.9 ± 3.3

S̃3/2
1+ −1.30 −1.54 ± 0.04 S1/2 12..6 ± 0.5

REM −2.2 −2.0 ± 0.9
RSM −6.5 −8.1 ± 0.2

P11(1440) M̃1/2
1− 2.27 2.57 ± 0.14 A1/2 −66.4 ± 7.9

S̃1/2
1− 1.07 0.43 ± 0.11 S1/2 −11.0 ± 7.2

D13(1520) M̃1/2
2− 1.76 1.25 ± 0.16 A3/2 25.5 ± 4.0

Ẽ1/2
2− −0.052 −0.052 A1/2 −46.8 ± 5.7

S̃1/2
2− 0 0 S1/2 0

S11(1535) Ẽ1/2
0+ 3.80 2.93 ± 0.76 A1/2 50.7 ± 8.6

S̃1/2
0+ 0 −1.10 ± 0.11 S1/2 −19.3 ± 5.2

S31(1620) Ẽ3/2
0+ 5.70 3.36 ± 0.29 A1/2 56.3 ± 15.2

S̃3/2
0+ 0 0.74 ± 0.51 S1/2 14.0 ± 9.8

S11(1650) Ẽ1/2
0+ 2.70 2.89 ± 0.41 A1/2 40.7 ± 8.1

S̃1/2
0+ 0 −1.11 ± 0.57 S1/2 −15.7 ± 17.5

F15(1680) M̃1/2
3− 0.829 0.81 ± 0.05 A3/2 33.2 ± 9.3

Ẽ1/2
3− 0.315 −0.07 ± 0.03 A1/2 −53.1 ± 8.8

S̃1/2
3− 0 −0.10 ± 0.03 S1/2 3.1 ± 1.1

D33(1700) M̃3/2
2− 0.622 2.28 ± 0.10 A3/2 −3.3 ± 10.3

Ẽ3/2
2− −1.74 −2.12 ± 0.26 A1/2 105.4 ± 11.3

S̃3/2
2− 0 0.47 ± 0.10 S1/2 10.8 ± 2.3

Λm 450 350 ± 35

Ã ≡ A(W = Mr) 10−3/mπ 10−3 GeV−1/2

Λm D13(1520) Ẽ1+ S̃1+

E2/M1 C2/M1 ∆(1232)



Q2

W = 1.83

φ

σT + ε · σL

Q2

Q2

Q2 φ Q2 cos θ∗

b0(W ) Q2
0

b0(W ) = − 1

dσ(Q2
0)

dσ(Q2
0 + ∆Q2) − dσ(Q2

0 − ∆Q2)

2 · ∆Q2
.

− b

φ

φ = 15◦ 45◦ 75◦ 105◦ 135◦ 165◦

φ

φ = 0

σT + ε · σL φ

χ2

Q2 0.865 0.895 0.925 0.955 0.985 1.015 1.045 1.075 1.105 1.135 2

b Q2



Q2

γ∗p → pπ0 cosφ Q2 = 1.0 2

cos θ∗ = −0.975 σT + εσL σTL σTT χ2
φ

φ W

χ2

N∗ ∆



σT + ε · σL W = 1.83 Q2 = 1.0
2 cos θ∗ = −0.975

N∗ ∆

Q2 = 1.0 2

φ

Q2

Q2 2

cosθ∗ = −0.975 φ = 0◦ φ

Q2

Q2

b σT + ε · σL



Q2

Q2

W φ 15◦ 45◦ 75◦ 105◦ 135◦ 165◦



Q2

W cos θ∗ = −0.975 φ = 0◦ φ
−180 180



Q2

Q2

W φ cos θ∗ = −0.975
φ = 0◦

Q2 σT + ε · σL

cos θ∗ = −0.975 W



b(Q2) dσTL

dσTT dσT + ε · σL

Q2 φ

Q2

φ

cos θ∗

cos θ∗

W ∆(1232)

Q2 φ

φ dσTL dσTT

dσT + ε · σL cos θ∗

∆(1232)

φ W

cos θ∗ = 180◦

cos θ∗



γ∗p → pπ0 cosφ Q2 = 1.0 2

cos θ∗ = −0.975 σT + εσL σTL σTT χ2
φ

φ W

χ2



γp → pπ0 cos θ∗

∆(1232)
Q2

Q2 = 1.0 2

φ = 75◦ 45◦ 15◦

W 1170 1190 1210 1230 1250 1270



W W



σT + ε ·σL σTL σTT

χ2 Np = 43



1.0 < W < 2.0

Q2 = 1.0 2

Γ

γ/π0

ep → epπ0 ep → epγ

χ2

φ



ep → epγ

W ≤ 1.28

Λα = 0.9 2 Λβ = 0.3 2

W > 1.28

φ

φ = 0◦ φ = 180◦

φ 15◦ 45◦ 75◦ 105◦

135◦ 165◦

W

W = 1.1

∆(1232)

W

φ

φ

φ = 180◦

W

π0 t

Q2

Q2 Q2



W Q2 = 1.0 2 cos θ∗ = −0.975
φ 15◦ 45◦ 75◦ 105◦ 135◦ 165◦



W Q2 = 1.0 2 cos θ∗ = −0.975 φ = 180◦

π0 t

Λα = 1.0 Λβ = 0.6
φ φ = 180◦

W
W

π0 t



W ≤ 1.28

ep → epπ0 Q2

cos θ∗

cos θ∗

W

W

cos θ∗

W

φ

W

∆(1232)

Λα Λβ χ2

α β

W

990 1270 Q2 = 1.0 2 cos θ∗ = −0.975 −0.925 −0.875

−0.825 −0.775 −0.725 −0.675 −0.625 φ = 15◦ 45◦ 75◦ 105◦ 135◦

165◦



Q2

W cos θ∗ = −0.975

Λα = 1.0 Λβ = 0.6



cos θ∗

Q2 = 1.0 2 φ = 0◦



φ W
Q2 = 1.0 2 cos θ∗ = −0.975

Λα = 1.0 Λβ = 0.6



cos θ∗ φ



Λα = 0.9 ± 0.1 GeV2,

Λβ = 0.8 ± 0.5 GeV2.

PLL = 1.8 ± 0.5 GeV−2,

PLT = −0.1 ± 0.9 GeV−2.

PTT

PTT = −0.42

θ∗γγ 40◦ 160◦

Γ

dσ
dt ≈ 1

s6 ≈ 1
W 12

W−8 d2σ
dΩ∗

PT θ∗ = 90◦

Q2



θ∗γγ

W−8



ep → epγ ep → epπ0

ep → epγ ep → epπ0

W

π0 W Q2 = 1.0 2 cos θ∗ = −0.975 φ = 0◦

π0

N(π) N(γ)

N(γ)
N(π)

W < 1232

P33

P11 D13 S11 W

π0



N(π) N(γ) N(γ)
N(π)

N(γ)
N(π)

±
±
±
±
±
±
±
±
±

∆ ±
∆ ±
∆ ±
∆ ±
∆ ±
∆ ±

N(π)
N(γ) N(γ)

N(π)



Q2 = 1.0 2 W = 0.9

2.0 θ∗ > 120◦

ep → epγ

γ∗p → γp

W Q2 cos θ∗ φ

W

π0 t W

W

Q2



cos θ∗ φ

cos θ∗

φ

∆(1232)

β

Λα Λβ

Q2

χ2 Λα Λβ

Λβ

PLL Λα

PLL = 1.8 ± 0.5 GeV−2.

π0 W Q2 cos θ∗ φ

φ σTL

σTT σT + ε ·σL

W φ

χ2

REM = E2
M1

RSM = C2
M1



∆(1232) W = 1.8

Q2

Q2

Q2 = 1.0 2

Q2

cos θ∗

θ∗ θ∗

∆(1232)

π0

∆

∆(1232)

π0 γ

W



±3

Gp
M

CR = 0.931

∆(1232)

γ 10−20% W > 1.8

W Q2

W = 2.3



π0

π0



dσ
dΩ + ε× dσ

dΩ Q2 2 µ −1

W ε cos θ∗ = −0.975 cos θ∗ = −0.925 cos θ∗ = −0.875 cos θ∗ = −0.825
1110.0 0.945 0.199 ±0.033 0.248 ±0.037 0.253 ±0.047 0.301 ±0.063
1130.0 0.944 0.546 ±0.049 0.663 ±0.067 0.665 ±0.085 0.846 ±0.114
1150.0 0.942 1.130 ±0.071 1.248 ±0.117 1.228 ±0.146 1.400 ±0.172
1170.0 0.940 2.129 ±0.100 2.234 ±0.119 2.242 ±0.178 2.495 ±0.286
1190.0 0.938 3.201 ±0.124 3.606 ±0.166 3.938 ±0.240 3.484 ±0.355
1210.0 0.936 3.760 ±0.121 4.166 ±0.206 4.456 ±0.289 4.529 ±0.360
1230.0 0.934 3.193 ±0.106 3.783 ±0.214 3.989 ±0.285 4.468 ±0.383
1250.0 0.932 2.315 ±0.078 2.696 ±0.112 2.638 ±0.210 2.815 ±0.381
1270.0 0.930 1.644 ±0.058 1.836 ±0.081 1.887 ±0.131 1.603 ±0.297
1290.0 0.927 1.139 ±0.039 1.288 ±0.068 1.194 ±0.110 1.143 ±0.170
1310.0 0.925 0.830 ±0.030 0.985 ±0.066 1.041 ±0.098 1.057 ±0.145
1330.0 0.922 0.669 ±0.025 0.726 ±0.047 0.733 ±0.086 0.758 ±0.147
1350.0 0.919 0.566 ±0.022 0.644 ±0.039 0.586 ±0.077 0.446 ±0.140
1370.0 0.916 0.447 ±0.020 0.487 ±0.037 0.411 ±0.074 0.095 ±0.127
1390.0 0.913 0.387 ±0.020 0.342 ±0.037 0.575 ±0.076 0.840 ±0.138
1410.0 0.910 0.304 ±0.018 0.381 ±0.040 0.479 ±0.094 −0.045 ±0.142
1430.0 0.907 0.293 ±0.017 0.350 ±0.032 0.592 ±0.110 0.364 ±0.178
1450.0 0.903 0.280 ±0.016 0.358 ±0.031 0.299 ±0.078 0.481 ±0.292
1470.0 0.899 0.316 ±0.016 0.333 ±0.035 0.398 ±0.081
1490.0 0.896 0.312 ±0.016 0.496 ±0.061 0.574 ±0.150
1510.0 0.891 0.390 ±0.017 0.423 ±0.045 0.374 ±0.151
1530.0 0.887 0.380 ±0.016 0.469 ±0.045 0.030 ±0.148
1550.0 0.883 0.314 ±0.014 0.372 ±0.050 −0.224 ±0.160
1570.0 0.878 0.285 ±0.014 0.524 ±0.081 0.688 ±0.597
1590.0 0.873 0.282 ±0.013 0.333 ±0.070 0.325 ±0.245
1610.0 0.868 0.336 ±0.014 0.370 ±0.053 0.064 ±0.277
1630.0 0.863 0.445 ±0.016 0.391 ±0.059
1650.0 0.857 0.600 ±0.018 0.778 ±0.116
1670.0 0.851 0.706 ±0.019 0.703 ±0.114
1690.0 0.845 0.717 ±0.020 0.435 ±0.103
1710.0 0.839 0.593 ±0.017 0.312 ±0.134
1730.0 0.832 0.449 ±0.014 0.331 ±0.078
1750.0 0.825 0.363 ±0.011 0.287 ±0.063
1770.0 0.818 0.337 ±0.010 0.141 ±0.097
1790.0 0.810 0.337 ±0.009
1810.0 0.803 0.343 ±0.010
1830.0 0.794 0.349 ±0.010
1850.0 0.786 0.353 ±0.010
1870.0 0.777 0.333 ±0.010
1890.0 0.768 0.303 ±0.009
1910.0 0.758 0.291 ±0.009
1930.0 0.748 0.244 ±0.011
1950.0 0.738 0.201 ±0.021



π0

dσ
dΩ Q2 2 µ −1

W ε cos θ∗ = −0.975 cos θ∗ = −0.925 cos θ∗ = −0.875 cos θ∗ = −0.825
1110.0 0.945 −0.016 ±0.016 0.040 ±0.020 0.034 ±0.026 −0.005 ±0.039
1130.0 0.944 −0.058 ±0.023 0.049 ±0.041 −0.020 ±0.055 0.133 ±0.079
1150.0 0.942 −0.001 ±0.037 −0.054 ±0.079 −0.225 ±0.101 −0.170 ±0.118
1170.0 0.940 0.002 ±0.049 −0.098 ±0.064 −0.383 ±0.113 −0.502 ±0.190
1190.0 0.938 −0.131 ±0.059 −0.322 ±0.094 −0.526 ±0.155 −1.351 ±0.237
1210.0 0.936 −0.026 ±0.061 −0.434 ±0.136 −0.839 ±0.204 −0.917 ±0.249
1230.0 0.934 −0.161 ±0.056 −0.514 ±0.150 −1.022 ±0.199 −1.017 ±0.268
1250.0 0.932 −0.075 ±0.038 −0.423 ±0.060 −0.849 ±0.137 −1.307 ±0.259
1270.0 0.930 −0.103 ±0.027 −0.281 ±0.045 −0.613 ±0.083 −1.138 ±0.199
1290.0 0.927 0.000 ±0.020 −0.216 ±0.042 −0.606 ±0.076 −0.807 ±0.119
1310.0 0.925 −0.048 ±0.016 −0.089 ±0.047 −0.268 ±0.071 −0.503 ±0.104
1330.0 0.922 0.002 ±0.014 −0.151 ±0.031 −0.273 ±0.063 −0.512 ±0.111
1350.0 0.919 0.021 ±0.012 −0.024 ±0.026 −0.176 ±0.055 −0.457 ±0.107
1370.0 0.916 0.010 ±0.011 −0.018 ±0.025 −0.215 ±0.052 −0.599 ±0.090
1390.0 0.913 0.013 ±0.011 −0.094 ±0.025 0.019 ±0.055 0.063 ±0.098
1410.0 0.910 0.020 ±0.010 0.041 ±0.029 0.034 ±0.076 −0.529 ±0.116
1430.0 0.907 0.030 ±0.009 0.068 ±0.022 0.179 ±0.089 −0.058 ±0.145
1450.0 0.903 0.026 ±0.008 0.075 ±0.021 −0.035 ±0.059 0.080 ±0.237
1470.0 0.899 0.031 ±0.009 0.018 ±0.025 0.002 ±0.060
1490.0 0.896 −0.004 ±0.009 0.108 ±0.051 0.101 ±0.130
1510.0 0.891 0.000 ±0.009 −0.046 ±0.033 −0.232 ±0.127
1530.0 0.887 −0.042 ±0.009 −0.111 ±0.031 −0.550 ±0.126
1550.0 0.883 −0.070 ±0.008 −0.202 ±0.039 −0.916 ±0.135
1570.0 0.878 −0.060 ±0.008 −0.006 ±0.071 0.252 ±0.589
1590.0 0.873 −0.073 ±0.007 −0.259 ±0.059 −0.173 ±0.222
1610.0 0.868 −0.100 ±0.008 −0.266 ±0.039 −0.380 ±0.246
1630.0 0.863 −0.086 ±0.009 −0.390 ±0.044
1650.0 0.857 −0.078 ±0.010 0.020 ±0.107
1670.0 0.851 −0.064 ±0.011 −0.068 ±0.103
1690.0 0.845 −0.037 ±0.013 −0.263 ±0.092
1710.0 0.839 −0.014 ±0.010 −0.216 ±0.125
1730.0 0.832 0.004 ±0.008 0.033 ±0.070
1750.0 0.825 −0.020 ±0.006 0.053 ±0.056
1770.0 0.818 −0.022 ±0.006 −0.212 ±0.089
1790.0 0.810 −0.035 ±0.006
1810.0 0.803 −0.024 ±0.007
1830.0 0.794 −0.022 ±0.006
1850.0 0.786 −0.036 ±0.006
1870.0 0.777 −0.049 ±0.006
1890.0 0.768 −0.060 ±0.006
1910.0 0.758 −0.031 ±0.006
1930.0 0.748 −0.032 ±0.008
1950.0 0.738 −0.011 ±0.018



dσ
dΩ Q2 2 µ −1

W ε cos θ∗ = −0.975 cos θ∗ = −0.925 cos θ∗ = −0.875 cos θ∗ = −0.825
1110.0 0.945 −0.031 ±0.008 −0.072 ±0.013 −0.066 ±0.017 −0.062 ±0.031
1130.0 0.944 0.003 ±0.012 −0.079 ±0.030 −0.041 ±0.045 −0.164 ±0.072
1150.0 0.942 0.051 ±0.021 0.054 ±0.068 0.187 ±0.094 0.090 ±0.114
1170.0 0.940 0.142 ±0.029 0.236 ±0.046 0.401 ±0.106 0.262 ±0.204
1190.0 0.938 0.313 ±0.029 0.499 ±0.066 0.521 ±0.139 0.974 ±0.247
1210.0 0.936 0.417 ±0.032 0.736 ±0.103 0.965 ±0.175 0.869 ±0.233
1230.0 0.934 0.338 ±0.033 0.583 ±0.128 0.830 ±0.184 0.752 ±0.253
1250.0 0.932 0.209 ±0.020 0.422 ±0.038 0.769 ±0.134 0.880 ±0.278
1270.0 0.930 0.107 ±0.013 0.201 ±0.028 0.413 ±0.070 0.817 ±0.217
1290.0 0.927 0.020 ±0.010 0.157 ±0.028 0.343 ±0.064 0.512 ±0.107
1310.0 0.925 0.021 ±0.009 0.033 ±0.037 0.092 ±0.058 0.135 ±0.090
1330.0 0.922 −0.039 ±0.009 0.023 ±0.026 0.120 ±0.052 0.170 ±0.088
1350.0 0.919 −0.079 ±0.009 −0.078 ±0.023 0.040 ±0.052 0.128 ±0.088
1370.0 0.916 −0.085 ±0.007 −0.090 ±0.023 0.027 ±0.053 0.277 ±0.092
1390.0 0.913 −0.110 ±0.008 −0.051 ±0.023 −0.215 ±0.055 −0.512 ±0.098
1410.0 0.910 −0.094 ±0.007 −0.129 ±0.026 −0.168 ±0.061 0.197 ±0.087
1430.0 0.907 −0.102 ±0.006 −0.144 ±0.019 −0.290 ±0.075 −0.099 ±0.120
1450.0 0.903 −0.086 ±0.005 −0.164 ±0.019 −0.094 ±0.053 −0.218 ±0.211
1470.0 0.899 −0.101 ±0.006 −0.129 ±0.022 −0.203 ±0.054
1490.0 0.896 −0.085 ±0.006 −0.201 ±0.032 −0.191 ±0.071
1510.0 0.891 −0.083 ±0.006 −0.077 ±0.022 −0.055 ±0.081
1530.0 0.887 −0.036 ±0.005 −0.054 ±0.021 0.220 ±0.071
1550.0 0.883 −0.004 ±0.004 −0.025 ±0.026 0.255 ±0.079
1570.0 0.878 0.020 ±0.004 0.024 ±0.032 −0.019 ±0.099
1590.0 0.873 0.047 ±0.004 0.088 ±0.031 0.044 ±0.107
1610.0 0.868 0.071 ±0.004 0.121 ±0.020 0.268 ±0.143
1630.0 0.863 0.095 ±0.004 0.113 ±0.023
1650.0 0.857 0.109 ±0.005 0.108 ±0.042
1670.0 0.851 0.102 ±0.006 0.130 ±0.045
1690.0 0.845 0.072 ±0.008 0.068 ±0.046
1710.0 0.839 0.054 ±0.005 0.104 ±0.041
1730.0 0.832 0.032 ±0.004 0.116 ±0.028
1750.0 0.825 0.021 ±0.003 0.044 ±0.022
1770.0 0.818 0.010 ±0.003 −0.030 ±0.039
1790.0 0.810 0.013 ±0.003
1810.0 0.803 0.009 ±0.004
1830.0 0.794 −0.007 ±0.003
1850.0 0.786 −0.016 ±0.003
1870.0 0.777 −0.016 ±0.003
1890.0 0.768 −0.034 ±0.003
1910.0 0.758 −0.014 ±0.004
1930.0 0.748 −0.009 ±0.006
1950.0 0.738 −0.018 ±0.018



µb−1

Ee θe

AX AY



µb−1??? Eb θe



µb−1??? Eb θe



µb−1??? Eb θe











[0.9 − 2.0]

∗ ∗ ∗
p Mp = 938.272



I
(
JP
)

N(1440) P11
1
2

(
1
2
+)

1430 − 1470 250 − 450 ∗ ∗ ∗∗

N(1520) D13
1
2

(
3
2
−)

1515 − 1530 110 − 135 ∗ ∗ ∗∗

N(1535) S11
1
2

(
1
2
−)

1520 − 1555 100 − 150 ∗ ∗ ∗∗

N(1650) S11
1
2

(
1
2
−)

1640 − 1680 145 − 190 ∗ ∗ ∗∗

N(1675) S11
1
2

(
5
2
−)

1670 − 1685 140 − 180 ∗ ∗ ∗∗

N(1680) S11
1
2

(
5
2
+)

1675 − 1690 120 − 140 ∗ ∗ ∗∗

N(1700) S11
1
2

(
3
2
−)

1650 − 1750 50 − 150 ∗ ∗ ∗

N(1710) S11
1
2

(
1
2
+)

1680 − 1740 50 − 250 ∗ ∗ ∗

N(1720) S11
1
2

(
3
2
+)

1650 − 1750 100 − 200 ∗ ∗ ∗∗

∆(1232) P33
3
2

(
3
2
+)

1230 − 1234 115 − 125 ∗ ∗ ∗∗

∆(1600) P33
3
2

(
3
2
+)

1550 − 1700 250 − 450 ∗ ∗ ∗

∆(1620) S31
3
2

(
1
2
−)

1615 − 1675 120 − 180 ∗ ∗ ∗∗

∆(1700) D33
3
2

(
3
2
−)

1670 − 1770 200 − 400 ∗ ∗ ∗∗

∆(1905) F35
3
2

(
5
2
+)

1870 − 1920 280 − 440 ∗ ∗ ∗∗

∆(1910) P31
3
2

(
1
2
+)

1870 − 1920 190 − 270 ∗ ∗ ∗∗

∆(1920) P33
3
2

(
3
2
+)

1900 − 1970 150 − 300 ∗ ∗ ∗

∆(1930) D35
3
2

(
5
2
−)

1920 − 1970 250 − 450 ∗ ∗ ∗

∆(1950) F37
3
2

(
7
2
+)

1940 − 1960 290 − 350 ∗ ∗ ∗∗



ep → epγ

Q2 = 1.9 2





µpGEp/GMp

Q2 = 1.0 2



∆


