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Introduction

� NA49 data

� Total particle production

� Baryon production

� Kaon production
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NA49 experiment
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Double differential cross section of π
+,K+,p in p+p

collisions at 158 GeV/c beam momentum
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p + p → π+ + X
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p + p → p + X

Wide xF and pT

ranges:
xF = 0 ÷ 0.55 and
pT = 0 ÷ 1.9 GeV/c
for π

+

xF = 0 ÷ 0.4 and
pT = 0 ÷ 1.7 GeV/c
for K+

xF = 0 ÷ 0.95 and
pT = 0 ÷ 1.9 GeV/c
for p
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Double differential cross section of π
−,K−,p in p+p

collisions at 158 GeV/c beam momentum
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Wide xF and pT

ranges:
xF = 0 ÷ 0.85 and
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for p
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pT -integrated distributions

dn/dxF = π/σinel ·
√

s/2 ·
∫

f /E · dp2
T

Fx
0 0.5 1

p
p

Fx
0 0.2 0.4

+K
-K

Fx
0 0.5 1

-310

-210

-110

1

10 +π
-π

F
dn

/d
x

6 / 28



pT -integrated neutron distributions
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Total charge multiplicities

positives negatives total

〈nπ〉 3.018 2.360 5.378

〈nK〉 0.227 0.130 0.357

〈np〉 1.162 0.039 1.201

〈nΣ〉 0.054 0.016 0.070

〈n〉 4.461 2.545 7.006

 [GeV/c]
beam

p

0 200 400

chn

5

6

7

8

9

10

Total charge multiplicity – 7.006 expected 7.15

Charge conservation – 1.916 expected 2
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Baryon production

Comparison to ISR proton xF and pT

distributions

Comparison to neutron data from Fermilab

and ISR

Comparison to results on protons and

neutrons in e+p collisions from HERA

9 / 28



ISR proton production at xF > 0.6
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ISR proton production at xF > 0.6
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Relative shape
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sizeable normalization
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as full lines needed,
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11 / 28



ISR proton production at xF > 0.6
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ISR proton production at xF > 0.6
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Proton production in e+p from HERA
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ISR proton pT distributions
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ZEUS proton pT distributions
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Neutron pT distributions from ISR and Fermilab
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ZEUS neutron pT distributions
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ZEUS neutron pT = 0 GeV/c
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Kaon production

Establish an
√

s dependence from 3 to 540

GeV.

Relation of charged kaon to K0
S production
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Charged kaons

New attempt of establishing
√

s dependence of
total multiplicitites of charged kaons
Available data

1 Cosmotron/PPA – at 3.2 to 3.9 GeV/s beam momentum
2 PS/AGS – at 12 to 24 GeV/s beam momentum
3 NA49 –

√
s = 17.2 GeV

4 ISR –
√

s = 23 ÷ 63 GeV
5 Cern p+p and Fermilab colliders

√
s = 200 ÷ 1800 GeV
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Charged kaons total multiplicities

ref.
√

s [GeV] 〈nK+〉 〈nK−〉
1 2.9 0.00462
1 2.9 0.00481
- 3.45 0.00802
- 4.04 0.01760 0.00080
2 4.9 0.0473 0.00747
2 6.8 0.0999 0.0330
2 6.84 0.107 0.0262
3 17.2 0.227 0.130
4 23.0 0.273 0.171
4 31.0 0.327 0.220
4 45.0 0.409 0.290
4 52.0 0.448 0.328
4 63.0 0.493 0.363
4 200.0 0.819 0.651
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K0
S data
√

s [GeV] 〈n
K+ 〉 〈n

K−
〉 〈n

K
0
S
〉

2.9 0.00462 0.00082
2.9 0.00481
3.45 0.00802 0.00294
3.59 0.00670
4.04 0.01760 0.00080 0.00719
4.9 0.0190
4.9 0.0473 0.00747 0.0198
6.1 0.0420
6.8 0.0410
6.8 0.0999 0.0330 0.0493
6.84 0.107 0.0262 (0.0666)
7.8 0.0636
11.5 0.109
13.8 0.121
13.9 0.146
16.7 0.158
17.2 0.227 0.130 (0.179)
19.7 0.181
23.0 0.273 0.171 (0.222)
23.8 0.224
23.8 0.212
25.7 0.262
27.4 0.200
27.6 0.232
31.0 0.327 0.220 (0.274)
45.0 0.409 0.290 (0.350)
52.0 0.448 0.328 (0.388)
63.0 0.493 0.363 (0.428)
200.0 0.819 0.651 (0.735)
200.0 0.700
546.0 1.000

More dense is
√

s than for
charged kaons

Bubble chamber measurements –√
s = 3 ÷ 27.6 GeV

SppS –
√

s = 200 and 546 GeV

K 0
L =

K+ + K−

2
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K0
S vs (K+ + K−)/2
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Total kaon multiplicities as a function of
√

s
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Total kaon multiplicities as a function of
√

s
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Total kaon multiplicities as a function of
√

s
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Conclusions

� New data on inclusive production of pions, kaons, protons, anti-proton
and neutrons in p+p colisions at

√
s = 17.2 GeV are presented

� Total multiplicities of charged particles and charge conservation are
checked. Both of them are fulfilled within the systemathic uncertainties
of order of 2%.

� The s-dependence of protons through the ISR energy range and up to
HERA and p+p collider energies has been investigated.Specific yield
suppression at xF > 0.7 with increasing cms energy has been quantified.

� A global independence of pT distributions on baryon type (p,n) and on√
s has been observed. This is also confirmaed for electroproduction

data from HERA.

� A new evaluation of s-dependence of kaons up to collider energies has
been established.

� The relation K0
S = 0.5(K+ + K−) has been found valid within the

experimental precision.
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