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I. DETAIL COMPARISONS BETWEEN MC AND DATA11

The main change of the ConExc model:12
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FIG. 1. The Born cross section line-shape of process e+e− → D∗+D−, in which the charge-conjugate mode
is included.
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FIG. 2. The detail comparisons of pctrk between signal MC and data
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FIG. 3. The detail comparisons of pctrk between signal MC and data
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FIG. 4. The detail comparisons of M(φ) between signal MC and data
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1 1.05 1.1
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-1
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1
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0
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0.04
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FIG. 5. The detail comparisons of M(φ) between signal MC and data
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FIG. 6. The detail comparisons of M(D0) between signal MC and data
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0.05

0.1  = 4065 MeVs

Data

MC

 = 262.052χ

)0M(D
1.8 1.85 1.9 1.95

-20

0

20

1.8 1.85 1.9 1.95

0

0.05

0.1  = 4090 MeVs

Data

MC

 = 279.122χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

0.05

0.1
 = 4120 MeVs

Data

MC

 = 224.862χ

)0M(D
1.8 1.85 1.9 1.95

-10

0

10

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08  = 4145 MeVs

Data

MC

 = 217.912χ

)0M(D
1.8 1.85 1.9 1.95

-10

0

10

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4170 MeVs

Data

MC

 = 210.282χ

)0M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4180 MeVs

Data

MC

 = 182.382χ

)0M(D
1.8 1.85 1.9 1.95

-20
0

20

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

 = 4200 MeVs

Data

MC

 = 209.732χ

)0M(D
1.8 1.85 1.9 1.95

-20

0

20

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4210 MeVs

Data

MC

 = 280.662χ

)0M(D
1.8 1.85 1.9 1.95

-100

0

100

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4230 MeVs

Data

MC

 = 218.552χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4245 MeVs

Data

MC

 = 166.032χ

)0M(D
1.8 1.85 1.9 1.95

-10
-5
0
5

10

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4260 MeVs

Data

MC

 = 152.842χ

)0M(D
1.8 1.85 1.9 1.95

-10
0

10

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4280 MeVs

Data

MC

 = 5831.972χ

)0M(D
1.8 1.85 1.9 1.95

-50000

0

50000

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4300 MeVs

Data

MC

 = 135.642χ

)0M(D
1.8 1.85 1.9 1.95

-2
0
2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4330 MeVs

Data

MC

 = 167.552χ

)0M(D
1.8 1.85 1.9 1.95

-10

0

10

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4360 MeVs

Data

MC

 = 214.172χ

)0M(D
1.8 1.85 1.9 1.95

-20

0

20

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4380 MeVs

Data

MC

 = 200.402χ

)0M(D
1.8 1.85 1.9 1.95

-2000

0

2000

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

 = 4395 MeVs

Data

MC

 = 228.302χ

)0M(D
1.8 1.85 1.9 1.95

-10

0

10

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08

 = 4410 MeVs

Data

MC

 = 259.022χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08  = 4425 MeVs

Data

MC

 = 237.452χ

)0M(D
1.8 1.85 1.9 1.95

-100

0

100

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08  = 4440 MeVs

Data

MC

 = 278.442χ

)0M(D
1.8 1.85 1.9 1.95

-20

0

20

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

 = 4460 MeVs

Data

MC

 = 170.532χ

)0M(D
1.8 1.85 1.9 1.95

-10
-5
0
5

10

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 4500 MeVs

Data

MC

 = 331.602χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4540 MeVs

Data

MC

 = 355.172χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

)0M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4560 MeVs

Data

MC

 = 181.962χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4590 MeVs

Data

MC

 = 139.682χ

)0M(D
1.8 1.85 1.9 1.95

-10

0

10

FIG. 7. The detail comparisons of M(D0) between signal MC and data
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1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

 = 3850 MeVs

Data

MC

 = 511.332χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

)+M(D

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

 = 3890 MeVs

Data

MC

 = 132.442χ

)+M(D
1.8 1.85 1.9 1.95

-10
-5
0
5

10

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 3920 MeVs

Data

MC

 = 192.272χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

 = 3940 MeVs

Data

MC

 = 162.072χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 3960 MeVs

Data

MC

 = 326.932χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08

 = 3980 MeVs

Data

MC

 = 338.922χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4010 MeVs

Data

MC

 = 431.122χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4014 MeVs

Data

MC

 = 392.912χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4020 MeVs

Data

MC

 = 427.782χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4030 MeVs

Data

MC

 = 626.342χ

)+M(D
1.8 1.85 1.9 1.95

-1
-0.5

0
0.5

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4050 MeVs

Data

MC

 = 257.252χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4065 MeVs

Data

MC

 = 256.342χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4090 MeVs

Data

MC

 = 302.872χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4120 MeVs

Data

MC

 = 309.982χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4145 MeVs

Data

MC

 = 187.062χ

)+M(D
1.8 1.85 1.9 1.95

-4
-2
0
2
4

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4170 MeVs

Data

MC

 = 485.792χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4180 MeVs

Data

MC

 = 290.382χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4200 MeVs

Data

MC

 = 254.372χ

)+M(D
1.8 1.85 1.9 1.95

-1
0
1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4210 MeVs

Data

MC

 = 329.672χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4230 MeVs

Data

MC

 = 308.872χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4245 MeVs

Data

MC

 = 206.942χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4260 MeVs

Data

MC

 = 225.322χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4280 MeVs

Data

MC

 = 276.452χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4300 MeVs

Data

MC

 = 214.012χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4330 MeVs

Data

MC

 = 312.182χ

)+M(D
1.8 1.85 1.9 1.95

-20
-10

0
10
20

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4360 MeVs

Data

MC

 = 165.862χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4380 MeVs

Data

MC

 = 179.642χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4395 MeVs

Data

MC

 = 149.212χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

)+M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4410 MeVs

Data

MC

 = 194.082χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4425 MeVs

Data

MC

 = 139.792χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4440 MeVs

Data

MC

 = 192.972χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4460 MeVs

Data

MC

 = 194.012χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4500 MeVs

Data

MC

 = 170.782χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4540 MeVs

Data

MC

 = 165.262χ

)+M(D
1.8 1.85 1.9 1.95

-4
-2
0
2
4

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4560 MeVs

Data

MC

 = 165.272χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4590 MeVs

Data

MC

 = 191.062χ

)+M(D
1.8 1.85 1.9 1.95

-50

0

50

FIG. 8. The detail comparisons of M(D±) between signal MC and data
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1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 3850 MeVs

Data

MC

 = 476.282χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 3890 MeVs

Data

MC

 = 248.312χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 3920 MeVs

Data

MC

 = 209.022χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 3940 MeVs

Data

MC

 = 210.122χ

)+M(D
1.8 1.85 1.9 1.95

-4
-2
0
2
4

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08

 = 3960 MeVs

Data

MC

 = 372.872χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06

0.08
 = 3980 MeVs

Data

MC

 = 375.382χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4010 MeVs

Data

MC

 = 447.922χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4014 MeVs

Data

MC

 = 403.552χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4020 MeVs

Data

MC

 = 465.392χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4030 MeVs

Data

MC

 = 650.682χ

)+M(D
1.8 1.85 1.9 1.95

-1
-0.5

0
0.5

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4050 MeVs

Data

MC

 = 257.402χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06
 = 4065 MeVs

Data

MC

 = 272.602χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4090 MeVs

Data

MC

 = 289.422χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

0.06  = 4120 MeVs

Data

MC

 = 315.782χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4145 MeVs

Data

MC

 = 220.282χ

)+M(D
1.8 1.85 1.9 1.95

-4
-2
0
2
4

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4170 MeVs

Data

MC

 = 536.932χ

)+M(D
1.8 1.85 1.9 1.95

-1
-0.5

0
0.5

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4180 MeVs

Data

MC

 = 282.792χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4200 MeVs

Data

MC

 = 218.092χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4210 MeVs

Data

MC

 = 325.662χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04

 = 4230 MeVs

Data

MC

 = 333.962χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4245 MeVs

Data

MC

 = 294.062χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4260 MeVs

Data

MC

 = 258.042χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04

 = 4280 MeVs

Data

MC

 = 294.432χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4300 MeVs

Data

MC

 = 216.962χ

)+M(D
1.8 1.85 1.9 1.95

-2
-1
0
1
2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4330 MeVs

Data

MC

 = 315.942χ

)+M(D
1.8 1.85 1.9 1.95

-10

0

10

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4360 MeVs

Data

MC

 = 148.022χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04

 = 4380 MeVs

Data

MC

 = 195.032χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04

 = 4395 MeVs

Data

MC

 = 181.042χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

)+M(D

1.8 1.85 1.9 1.95

0

0.02

0.04

 = 4410 MeVs

Data

MC

 = 146.962χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04
 = 4425 MeVs

Data

MC

 = 166.912χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4440 MeVs

Data

MC

 = 190.192χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

0.04  = 4460 MeVs

Data

MC

 = 174.132χ

)+M(D
1.8 1.85 1.9 1.95

-1

0

1

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

 = 4500 MeVs

Data

MC

 = 182.802χ

)+M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03
 = 4540 MeVs

Data

MC

 = 177.472χ

)+M(D
1.8 1.85 1.9 1.95

-5

0

5

1.8 1.85 1.9 1.95

0

0.01

0.02

0.03

 = 4560 MeVs

Data

MC

 = 194.302χ

)+M(D
1.8 1.85 1.9 1.95

-1
0
1

1.8 1.85 1.9 1.95
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FIG. 9. The detail comparisons of M(D±) between signal MC and data
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II. THE PROCESSING OF THE LUARLW PARAMETER SETS13

From the first tuning round, we obtained the resulted LUARLW parameter sets. After sorting14

these parameter sets with respect to the χ2 of ngood, we extracted the top 200 LUARLW parameter15

sets, as shown in Fig. 10.16
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FIG. 10. The top 200 LUARLW parameter sets.

17

18

The difference between any two LUARLW parameter sets, pi and p j, can be defined by the19

quantity χ2
i j:20

χ2
i j =

12∑
m=1

(pm
i − pm

j )2. (1)

The distribution of all the 19900 χ2
i j is shown in Fig. 11.21
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FIG. 11. The distribution of all the χ2
i j.
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23
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We classified these 200 parameter sets into 8 groups by requiring χ2
i j < 0.2. The resulted groups24

are shown in Fig. 12, in which different color represent different LUARLW parameter set groups.25
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FIG. 12. The 8 groups of the 200 LUARLW parameter sets.
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FIG. 13. The distribution of ngood of the first group of LUARLW parameter sets.
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FIG. 14. The distribution of ngood of the second group of LUARLW parameter sets.
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FIG. 15. The distribution of ngood of the third group of LUARLW parameter sets (partial).
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FIG. 16. The distribution of ngood of the forth group of LUARLW parameter sets.
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FIG. 17. The distribution of ngood of the fifth group of LUARLW parameter sets.
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FIG. 18. The distribution of ngood of the sixth group of LUARLW parameter sets.
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FIG. 19. The distribution of ngood of the seventh group of LUARLW parameter sets.
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