
NA49: proton-proton
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NA49: proton-carbon
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xF - NA49 pC collisions at 158 GeV
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F(xF) - NA49 pC collisions at 158 GeV
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NA27: proton-proton
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NA22: p-/π-/K-proton



0

8

16

24

32

40
d
σ
/d
η 

[m
b
]

NA22, pp, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

0

8

16

24

32

40

d
σ
/d
η 

[m
b
]

NA22, pp, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

0

6

12

18

24

30

d
σ
/d
η 

[m
b
]

NA22, π + p, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

0

6

12

18

24

30

d
σ
/d
η 

[m
b
]

NA22, π + p, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

0

6

12

18

24

30

d
σ
/d
η 

[m
b
]

NA22, K + p, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

0

6

12

18

24

30

d
σ
/d
η 

[m
b
]

NA22, K + p, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

6 3 0 3 6
η

0.5

1.0

1.5

η - NA22 pp, π + p and K + p collisions at 250 GeV
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10-2

10-1

100

101
f(
x
) 

[m
b
]

NA22, π + p, lambda

DPMJET 3 FLUKA

DPMJET III 3.0-6

1.0 0.5 0.0 0.5
xF

0.5

1.0

1.5
10-2

10-1

100

101

NA22, π + p, lambdabar

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.8 0.4 0.0 0.4
xF

0.5

1.0

1.5
100

101

102

103

NA22, π + p, p

DPMJET 3 FLUKA

DPMJET III 3.0-6

1.0 0.9 0.8 0.7 0.6 0.5
xF

0.5

1.0

1.5
10-2

10-1

100

101

102

103

NA22, π + p, pi0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.2 0.4 0.6 0.8 1.0
xF

0.5

1.0

1.5

10-2

10-1

100

101

f(
x
) 

[m
b
]

NA22, K + p, lambda

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.9 0.6 0.3 0.0 0.3
xF

0.5

1.0

1.5
10-2

10-1

100

101

NA22, K + p, lambdabar

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.4 0.2 0.0 0.2 0.4 0.6
xF

0.5

1.0

1.5
100

101

102

103

NA22, K + p, p

DPMJET 3 FLUKA

DPMJET III 3.0-6

1.0 0.9 0.8 0.7 0.6 0.5
xF

0.5

1.0

1.5
10-2

10-1

100

101

102

103

NA22, K + p, pi0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.2 0.4 0.6 0.8 1.0
xF

0.5

1.0

1.5

f(x) - NA22 π + p and K + p collisions at 250 GeV



10-2

10-1

100

101

102

103

104
d
σ
/d
p

2 T
 [

m
b
/(

G
e
V

/c
)]

NA22, π + p, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-3

10-2

10-1

100

101

102

NA22, π + p, ks

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.8 1.6 2.4 3.2 4.0
p2
T[GeV/c]

0.5

1.0

1.5
10-3

10-2

10-1

100

101

102

103

104

NA22, π + p, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-1

100

101

102

103

NA22, π + p, pi0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.5 1.0 1.5 2.0 2.5
p2
T[GeV/c]

0.5

1.0

1.5

10-2

10-1

100

101

102

103

104

d
σ
/d
p

2 T
 [

m
b
/(

G
e
V

/c
)]

NA22, K + p, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-3

10-2

10-1

100

101

102

NA22, K + p, ks

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.8 1.6 2.4 3.2 4.0
p2
T[GeV/c]

0.5

1.0

1.5
10-3

10-2

10-1

100

101

102

103

104

NA22, K + p, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-2

10-1

100

101

102

103

NA22, K + p, pi0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.0 0.5 1.0 1.5 2.0 2.5
p2
T[GeV/c]

0.5

1.0

1.5

p2
T - NA22 π + p and K + p collisions at 250 GeV



10-2

10-1

100

101

102

103

104
d
σ
/d
p

2 T
 [

m
b
/(

G
e
V

/c
)]

NA22, pp, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-2

10-1

100

101

102

103

104

105

d
σ
/d

x
 [

m
b
]

NA22, pp, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.8 0.4 0.0 0.4 0.8 1.2
xF

0.5

1.0

1.5

10-2

10-1

100

101

102

103

104

d
σ
/d
p

2 T
 [

m
b
/(

G
e
V

/c
)]

NA22, pp, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5
p2
T[GeV/c]

0.5

1.0

1.5
10-2

10-1

100

101

102

103

104

105

d
σ
/d

x
 [

m
b
]

NA22, pp, pi-

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.8 0.4 0.0 0.4 0.8 1.2
xF

0.5

1.0

1.5

10-3

10-2

10-1

100

101

102

σ
N
 [

m
b
]

NA22, pp, charged

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 6 12 18 24 30
multiplicity

0.5

1.0

1.5

y - NA22 pp collisions at 250 GeV



LHC: ATLAS Minimum Bias
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ATLAS - Charged particle pseudorapidity density.
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ATLAS - Charged particle multiplicity distributions.
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ATLAS - Transverse momentum distributions.
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LHC: ALICE Minimum Bias
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ALICE - NSD charged particle pseudorapidity density.
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ALICE - INEL charged particle multiplicity.
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ALICE - NSD charged particle multiplicity.



3.0

4.5

6.0

7.5

9.0

1/
N
ev

 d
N
ev

/d
η

Pseudorapidity 7 TeV, INEL > 0

DPMJET 3 FLUKA

DPMJET III 3.0-6

ALICE 7 TeV, INEL>0

1.0 0.5 0.0 0.5 1.0
η

0.5

1.0

1.5

10-6

10-5

10-4

10-3

10-2

10-1

100

1/
N
ev

d
N
ev
/d
n
ch

Multipl. 7 TeV, INEL > 0, |η|< 1

DPMJET 3 FLUKA

DPMJET III 3.0-6

ALICE 7 TeV, INEL> 0, |η|< 1. 0

0 15 30 45 60 75
Multiplicity Nch

0.5

1.0

1.5

ALICE - 7 TeV.



LHC: CMS Minimum Bias
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CMS 900 GeV - NSD charged particle multiplicity.
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LHC: 13 TeV data
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LHC: LHCb Minimum Bias



2.0 2.5 3.0 3.5 4.0 4.5
η

0

1

2

3

4

5

6

7

8

9

1/
N
ev

 d
N
ev

/d
η

Pseudorapidity 7 TeV

LHCb 7TeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
pT [GeV]

0

5

10

15

20

25

1/
N
ev

 d
N
ev

/d
p
T
 [

G
e
V

]−
1

pT distribution 7 TeV

LHCb 7TeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

10 20 30 40 50
Multiplicity Nch

10-4

10-3

10-2

10-1

100

P
(n

)

Multiplicity 7 TeV

LHCb 7TeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

LHCb - inclusive charged particles in 2<η< 4. 8 at 7 TeV



0 5 10 15 20
n

10-5

10-4

10-3

10-2

10-1

100

P
(n

)
7 TeV, 2. 0<η< 2. 5

LHCb 7 TeV, 2. 0<η< 2. 5

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 5 10 15 20
n

10-5

10-4

10-3

10-2

10-1

100

P
(n

)

7 TeV, 2. 5<η< 3. 0

LHCb 7 TeV, 2. 5<η< 3. 0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 5 10 15 20
n

10-5

10-4

10-3

10-2

10-1

100

P
(n

)

7 TeV, 3. 0<η< 3. 5

LHCb 7 TeV, 3. 0<η< 3. 5

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 5 10 15 20
n

10-5

10-4

10-3

10-2

10-1

100

P
(n

)

7 TeV, 3. 5<η< 4. 0

LHCb 7 TeV, 3. 5<η< 4. 0

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 5 10 15 20
n

10-5

10-4

10-3

10-2

10-1

100

P
(n

)

7 TeV, 4. 0<η< 4. 5

LHCb 7 TeV, 4. 0<η< 4. 5

DPMJET 3 FLUKA

DPMJET III 3.0-6

LHCb: Charged particle mutiplicities in pp collisions at 7 TeV
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LHC: Forward physics



1

2

3

4

5

6

d
N
/d
η

TOTEM 7 TeV

TOTEM 7000 GeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

5.50 5.75 6.00 6.25
η

0.5
1.0
1.5

0 1 2 3 4 5 6
η

1

2

3

4

5

6

7

8

9

10

d
N
/d
η

TOTEM + CMS 8 TeV, incl.

CMS+TOTEM, 8 TeV, inclusive

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5 6
η

1

2

3

4

5

6

7

8

9

10

d
N
/d
η

TOTEM + CMS 8 TeV, NSD

CMS+TOTEM, 8 TeV, NSD enhanced

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 1 2 3 4 5 6
η

0

1

2

3

4

5

d
N
/d
η

TOTEM + CMS 8 TeV, SD

CMS+TOTEM, 8 TeV, SD enhanced

DPMJET 3 FLUKA

DPMJET III 3.0-6

4.0 4.5 5.0 5.5 6.0 6.5 7.0
η

0

2

4

6

8

10
d
N
/d
η

TOTEM 8 TeV, displaced vertex

TOTEM, 8 TeV, displaced IP

DPMJET 3 FLUKA

DPMJET III 3.0-6

TOTEM - η distribution.



100

101

102

d
σ
/d

∆
η
F
 [

m
b
]

ATLAS 7 TeV, pT > 0. 2 GeV

ATLAS 7TeV, pT > 200 MeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 2 4 6 8
∆η

0.5
1.0
1.5

100

101

102

d
σ
/d

∆
η
F
 [

m
b
]

ATLAS 7 TeV, pT > 0. 4 GeV

ATLAS 7TeV, pT > 400 MeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 2 4 6 8
∆η

0.5
1.0
1.5

100

101

102

d
σ
/d

∆
η
F
 [

m
b
]

ATLAS 7 TeV, pT > 0. 6 GeV

ATLAS 7TeV, pT > 600 MeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 2 4 6 8
∆η

0.5
1.0
1.5

100

101

102

d
σ
/d

∆
η
F
 [

m
b
]

ATLAS 7 TeV, pT > 0. 8 GeV

ATLAS 7TeV, pT > 800 MeV

DPMJET 3 FLUKA

DPMJET III 3.0-6

0 2 4 6 8
∆η

0.5
1.0
1.5

ATLAS - Rapidity gaps at 7 TeV



3450 3460 3470 3480 3490 3500
E [GeV]

0

1

2

3

4

5

6

7

d
σ
/d
E

 [
m

b
]

Forward scattering peak (lin. scale).

DPMJET 3 FLUKA

DPMJET III 3.0-6

3450 3460 3470 3480 3490 3500
E [GeV]

10-2

10-1

100

101

d
σ
/d
E

 [
m

b
]

Forward scattering peak (log. scale).

DPMJET 3 FLUKA

DPMJET III 3.0-6

Diffractive peak



SPS: Minimum Bias
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