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Experimental data & fit

2 5 10
1

2 5 10
2

2 5 10
3

2 5 10
4

2 5

2

5

10
-3

2

5

10
-2

2

5

10
-1

2

5

10
0

2

5

10
1

2

5

10
2

2

5

s GeV

pH pL p

K
-HK+L p Π

-HΠ
+L p

S
-

p

Γ p

Γ Γ

Σ
ab

mb

ß

ß

ß

10
1

10
2

10
3

10
4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

Ρp p

Ρp p

s GeV

10
1

10
2

10
3

10
4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

ΡΠ-
p

ΡΠ+
p

s GeV

10
1

10
2

10
3

10
4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

ΡK
-

p

ΡK
+

p

s GeV

2     belousov2013slidesV2.nb



Slide 3 of 10
All Σ data & fit 

Common energy  interval
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03 Nov 2013 Atlas of total cross sections with HPR1R2 model. Fits to data with Ecm ³ 5 GeV. Χ2�ndof = 0.963
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All Σ data & fit 

Individual collision energy  intervals
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03 Nov 2013 Atlas of total cross sections with HPR1R2 model. Fits to data with Ecm ³ 5 GeV. Χ2�ndof = 0.963
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HPR1R2 model
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Simultaneous fit results

HPR1R2

at s ³5 GeV

M = 2.122 ± 0.014 @GeVD H = 0.2717 ± 0.0037 @mbD
Η1 = 0.448 ± 0.013 Η2 = 0.5487 ± 0.007

∆ = H3.062 ± 0.021L�10
-3

Λ = 1.625 ± 0.048

FQ INT = 0.96

FQEXT = 0.96

P @mbD R1 @mbD R2 @mbD Beam�Target
Npt = 1047

npt

Χ2�npt

by groups

34.43 ± 0.21 13.06 ± 0.25 7.39 ± 0.12 pH pL � p 257 1.14

34.73 ± 0.25 12.5 ± 0.47 6.66 ± 0.22 pH pL � n 67 0.48

34.7 ± 2. -47. ± 28. -49. ± 29. S - � p 9 0.37

18.77 ± 0.18 9.55 ± 0.21 1.767 ± 0.043 Π ¡ � p 183 1.02

16.37 ± 0.13 4.28 ± 0.18 3.407 ± 0.06 K
¡ � p 121 0.82

16.32 ± 0.14 3.69 ± 0.26 1.825 ± 0.1 K
¡ � n 64 0.58

0.0139 ± 0.0017 Γ � p 41 0.62

H-4. ± 25.L´10
-6 Γ � Γ 37 0.75

0.0369 ± 0.0028 Γ � d 13 0.9

64.47 ± 0.56 29.63 ± 0.64 14.94 ± 0.24 pH pL � d 85 1.52

36.67 ± 0.44 18.73 ± 0.58 0.34 ± 0.12 Π ¡ � d 92 0.72

32.07 ± 0.32 7.68 ± 0.49 5.61 ± 0.12 K
¡ � d 78 0.79

HPR1R2

at s ³5 GeV

M = 2.122 ± 0.014 @GeVD H = 0.2717 ± 0.0037 @mbD
Η1 = 0.448 ± 0.013 Η2 = 0.5487 ± 0.007

∆ = H3.062 ± 0.021L�10
-3

Λ = 1.625 ± 0.048

FQ INT = 0.96

FQEXT = 0.96

P @mbD R1 @mbD R2 @mbD Beam�Target
Npt = 1047

npt

Χ2�npt

by groups

34.43 ± 0.21 13.06 ± 0.26 7.39 ± 0.11 pH pL � p 257 1.14

34.73 ± 0.25 12.5 ± 0.48 6.66 ± 0.22 pH pL � n 67 0.48

34.7 ± 2. -47. ± 30. -49. ± 30. S - � p 9 0.37

18.77 ± 0.18 9.55 ± 0.22 1.767 ± 0.042 Π ¡ � p 183 1.02

16.37 ± 0.13 4.28 ± 0.19 3.407 ± 0.06 K
¡ � p 121 0.82

16.32 ± 0.14 3.69 ± 0.27 1.83 ± 0.1 K
¡ � n 64 0.58

0.0139 ± 0.0017 Γ � p 41 0.62

H-4. ± 25.L´10
-6 Γ � Γ 37 0.75

0.0369 ± 0.0028 Γ � d 13 0.9

64.47 ± 0.53 29.63 ± 0.61 14.94 ± 0.24 pH pL � d 85 1.52

36.67 ± 0.42 18.73 ± 0.58 0.34 ± 0.12 Π ¡ � d 92 0.72

32.07 ± 0.32 7.68 ± 0.48 5.61 ± 0.12 K
¡ � d 78 0.79
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Simultaneous fit results

HPR1R2

at s ³7 GeV

M = 2.074 ± 0.016 @GeVD H = 0.2843 ± 0.0043 @mbD
Η1 = 0.411 ± 0.017 Η2 = 0.5625 ± 0.0092

∆ = H3.113 ± 0.027L�10
-3

Λ = 1.456 ± 0.058

FQ INT = 0.86

FQEXT = 0.87

P @mbD R1 @mbD R2 @mbD Beam�Target
Npt = 837

npt

Χ2�npt

by groups

33.7 ± 0.3 13.7 ± 0.3 7.77 ± 0.17 pH pL � p 220 1.08

33.75 ± 0.35 14.07 ± 0.58 6.94 ± 0.27 pH pL � n 48 0.39

33.2 ± 3.7 -14. ± 43. -14. ± 48. S - � p 8 0.41

18.06 ± 0.26 10.46 ± 0.29 1.977 ± 0.073 Π ¡ � p 137 0.91

15.82 ± 0.18 5.14 ± 0.25 3.539 ± 0.089 K
¡ � p 85 0.76

15.71 ± 0.2 4.83 ± 0.37 1.87 ± 0.13 K
¡ � n 48 0.56

0.0133 ± 0.0021 Γ � p 34 0.56

H-60. ± 31.L´10
-6 Γ � Γ 31 0.68

0.0257 ± 0.0041 Γ � d 3 0.31

64.75 ± 0.68 27.09 ± 0.78 15.47 ± 0.34 pH pL � d 75 0.97

36.63 ± 0.57 17.91 ± 0.76 0.38 ± 0.13 Π ¡ � d 81 0.71

32.26 ± 0.43 7.05 ± 0.66 5.74 ± 0.15 K
¡ � d 67 0.67

HPR1R2

at s ³7 GeV

M = 2.074 ± 0.016 @GeVD H = 0.2843 ± 0.0043 @mbD
Η1 = 0.411 ± 0.017 Η2 = 0.5625 ± 0.0092

∆ = H3.113 ± 0.027L�10
-3

Λ = 1.456 ± 0.058

FQ INT = 0.86

FQEXT = 0.87

P @mbD R1 @mbD R2 @mbD Beam�Target
Npt = 837

npt

Χ2�npt

by groups

33.7 ± 0.33 13.7 ± 0.33 7.77 ± 0.18 pH pL � p 220 1.08

33.75 ± 0.38 14.07 ± 0.63 6.94 ± 0.29 pH pL � n 48 0.39

33.2 ± 3.9 -14. ± 47. -14. ± 52. S - � p 8 0.41

18.06 ± 0.29 10.46 ± 0.32 1.977 ± 0.078 Π ¡ � p 137 0.91

15.82 ± 0.2 5.14 ± 0.28 3.539 ± 0.095 K
¡ � p 85 0.76

15.71 ± 0.22 4.83 ± 0.4 1.87 ± 0.13 K
¡ � n 48 0.56

0.0133 ± 0.0023 Γ � p 34 0.56

H-60. ± 33.L´10
-6 Γ � Γ 31 0.68

0.0257 ± 0.0044 Γ � d 3 0.31

64.75 ± 0.75 27.09 ± 0.85 15.47 ± 0.37 pH pL � d 75 0.97

36.63 ± 0.62 17.91 ± 0.82 0.38 ± 0.14 Π ¡ � d 81 0.71

32.26 ± 0.46 7.05 ± 0.71 5.74 ± 0.16 K
¡ � d 67 0.67
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Data errors � Parameter errors
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Fit to data above s r 5 GeV , r 7 GeV
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Data errors � Parameter errors
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Fit to data above s r 8 GeV , r 9 GeV

belousov2013slidesV2.nb    9



Slide 10 of 10
SUMMARY

s

GeV

Χ2

ndf

H
M

mb

M

GeV
Λ ÈMCÈ CNHess CNMC

³ 5 0.96 0.272H4L 2.122H14L 1.625H48L 10
6

137197 26312

³ 6 0.90 0.283H4L 2.079H15L 1.495H53L 2�10
5

69375 13950

r 7 0.87 0.284H4L 2.074H16L 1.456H58L 3�10
5

353613 14051

r 8 0.77 0.285H4L 2.072H15L 1.492H64L 3.5�10
4

388426 13209

r 9 0.75 0.288H4L 2.063H16L 1.576H74L 3.5�10
4

336272 11105

r10 0.73 0.290H5L 2.054H16L 1.639H93L 3.5�10
4

273180 11955

HPR1R2  model give the reliable 

quantitative description  

of the forward observables 

Σ = Im[A]  and   Ρ = 
Re@AD
Im@AD

measured up to date

at collision  energies 

greater than 5 GeV (ECM)  
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