Atmospheric cascade related
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Average Multiplicity in kAir collisions
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Average p2 in piAir collisions
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Average p2 in kAir collisions
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Inelasticity in pp, pAir, rAir, and kAir Collisions
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NA49: proton-proton



Xr - NA49 pp collisions at 158 GeV
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F(xg) - NA49 pp collisions at 158 GeV
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y - NA49 pp collisions at 158 GeV
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NA49: proton-carbon



Xr - NA49 pC collisions at 158 GeV
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F(xg) - NA49 pC collisions at 158 GeV
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y - NA49 pC collisions at 158 GeV
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NAG61: pion-Carbon



NA61 - momentum spectruminm™ + C at 158 GeV
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NA61 - momentum spectrum in ™ + C at 350 GeV
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NA27: proton-proton



Xr - NA27 pp collisions at 400 GeV
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F(xg) - NA27 pp collisions at 400 GeV
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p% - NA27 pp collisions at 400 GeV
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y - NA27 pp collisions at 158 GeV
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NA22: p-/rn-/K-proton



n - NA22 pp, n*p and K* p collisions at 250 GeV
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y - NA22 n* p and K* p collisions at 250 GeV
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f(x) - NA22 n*p and K* p collisions at 250 GeV
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p% - NA22 n* p and K * p collisions at 250 GeV
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y - NA22 pp collisions at 250 GeV
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da/dp2 [mb/(GeV/c)]

MC/Data.,

da/dp2 [mb/(GeV/c)]

MC/Data,

104
#+ NA22, pp, charged 104 - + NA22, pp, charged + NA22, pp, charged
102 - ) _
- 2 o
= 10°
: = .| E
100 -g m".. S
S 1094 |= " .
—— u
-2 -2 -3
e — 3¢ e
23 AMARRAA S 1.2- 8 1.24
0.8 3 O 0.8 O 0.8
0-4—: I T T T T I T T T T I T T T T z 0.4.—:I I T T T T I T T T T I T T T T I T T T T I T T T z O.4—:I ﬁ T I T T T T I T T T T I T 1 T T I T T T T I
0.0 1.5 3.0 4.5 -0.8 -04 0.0 0.4 0.8 6 12 18 24 30
p2[GeV/c] XF multiplicity
104
+ NA22, pp, pi- 104 - + NA22, pp, pi-
2 | o
0 E 1024
35
O_ S~
10 _8 100_
—2 -2
q- _ {J_% _I T T T T | T T T T | T T T T | T T T | 1] T T
.6_: -+ ,6—:
1.2 2 WNV\/\/\ /N 8124
0.8 3 ' S 0.8 X
0.4—: I T T T T I T T T T T T T I T T Z 0.4—:| I T T T T I T T T T I T T T T I T T T T I T T T
0.0 1.5 3.0 4.5 —-0.8 -0.4 0.0 0.4 0.8

p2[GeVi/c] XF



SPS: Minimum Bias



SPS - NSD multiplicity and n distributions.
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SPS - NSD Invariant crossection in |[n| <0.1
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LHC: ATLAS Minimum Bias
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ATLAS - Charged particle multiplicity distributions.
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ATLAS - Transverse momentum distributions.
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ATLAS - average pr for multiplicity bins.
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LHC: ATLAS Minimum Bias 8 TeV



ATLAS - Charged particle pseudorapidity density.
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ATLAS - Charged particle multiplicity distributions.
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1/(2np7)d?Np/dprdn.

ATLAS - Transverse momentum distributions.
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ATLAS - Average pr for multiplicity bins.
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ATLAS 13 TeV - Pseudorapidity distributions.
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ATLAS 13 TeV - Multiplicity distributions.
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ATLAS 13 TeV - Transverse Momentum distributions.
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ATLAS 13 TeV - Average Transverse Momentum distributions.
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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.
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ALICE - 7 TeV.
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ALICE - 0.9TeV INEL Multiplicity distribution.
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ALICE - 0.9TeV NSD Multiplicity distribution.
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ALICE - 0.9TeV INEL > 0 Multiplicity distribution.

1/NgydNey/dNcp

MC/Data,

1/NgydNey/dNcp
=

MC/Data.

—— DPMJET-III 19.1 —— DPMJET-III 19.2 —— DPMJET-III 19.3
ALICE 0.9 TeV, INELO, |n| < 2.0 ALICE 0.9 TeV, INELO, |n|<2.4 ALICE 0.9 TeV, INELO, |n| < 3.0
1_| # ALICE 0.9 TeV, INELO, |n| < 2.0 1 _| # ALICE 0.9 TeV, INELO, |n|<2.4 1 _| # ALICE 0.9 TeV, INELO, |n| < 3.0
10 s 10 s 10
= =
3 3
1071 S 1071 - S 10-14
< <
3 3
1073 - = 1073 - = 1073
— —
-5 -5 =5
(-)L-6_: %(-)lﬁ—: //‘*\ %9[.6—:
1.2 3 Ay A l.2-= . A 1.2-3
alT  a—— . AT E
0.4__ | | | Z 04—_ | | I I Z 04—_ | I I I
0 20 40 60 0 20 40 60 80 0 25 50 75 100
Multiplicity N Multiplicity N Multiplicity N¢p
ALICE 0.9 TeV, INELO, |n|<3.4 ALICE 0.9 TeV, INELO, —3.4<n<5.0
0! 4 4 ALICE 0.9 TeV, INELO, |n|<3.4 < 101 4 # ALICE 0.9 TeV, INELO, —3.4<n<5.0
=
3
01 - 31071 -
<
2
0> £ 1073
—
-5 d =5
9..62 = 9.62
1.2 = (A 1.2 =
0.8 3 O 0.8
0.4 I I I - = 0.4
0 25 50 75 100 0 30 60 90 120

Multiplicity N¢p Multiplicity N¢p



ALICE - 7TeV INEL Multiplicity distribution.
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ALICE - 7TeV NSD Multiplicity distribution.
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ALICE - 7TeV INEL > 0 Multiplicity distribution.
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ALICE - 8TeV INEL Multiplicity distribution.
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ALICE - 8TeV NSD Multiplicity distribution.
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ALICE - 8TeV INEL > 0 Multiplicity distribution.
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CMS 900 GeV - NSD charged particle multiplicity.
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CMS 2360 GeV - NSD charged particle multiplicity.
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CMS 7000 GeV - NSD charged particle multiplicity.
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CMS - average prfor multiplicity bins.
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1

CMS - NSD pr and n distributions.
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MC/Data
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CMS - identified particle spectra in |y| <1 for pp at 900 GeV.
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CMS - identified particle spectra in |y| <1 for pp at 2760 GeV.
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CMS - identified particle spectra in |y| <1 for pp at 7000 GeV.
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LHC: CMS Minimum Bias 13 TeV



CMS 13 TeV - Pseudorapidity Distribution
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CMS 13 TeV - Transverse Momentum Distribution
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CMS 13 TeV - Multiplicity Distribution
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CMS 13 TeV - Leading pr Distribution
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LHC: LHCb Minimum Bias



LHCDb - inclusive charged particlesin 2<n<4.8at7 TeV
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LHCb: Charged particle mutiplicities in pp collisions at 7 TeV
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LHCb: Charged particle mutiplicities in pp collisions at 7 TeV
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LHC: Forward physics
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LHCb - Forward energy flow.
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CMS - Forward energy flow.

—— DPMJET-IIl 19.1 —— DPMJET-II 19.2 —— DPMJET-III 19.3
CMS 900 GeV CMS 7000 GeV
200 500
_ 1 + CMS0.9Tev, MB _ 1 # CMS7Tev, MB
2 160 > 400 -
9 1 9 1
120 - 300 - +
5 4 3T
S 80 et S 200 —t—
o ] ' I_,= o N —
SR — ' 1004 o __*
0:||||||||||||||||||||| 0:|||||||||||||||||||||
..g 1.6—E ..g 1.6—E
) 0.8—E O 0'8_5
Z 0'4—_ T T T T I T T T T I T T T T I T T T T I T Z 0'4—_ T T T T I T T T T I T T T T I T T T T I T
3.2 3.6 4.0 4.4 4.8 3.2 3.6 4.0 4.4 4.8
n n




ATLAS - Rapidity gaps at 7 TeV
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Forward Multiplicity (|n| = 6) as a function of Central Multiplicity (|n| = 0)
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Xrg Spectra of m~ in pp Collisions
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xg Spectra of n° in pp Collisions
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xg Spectra of n° in pp Collisions
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Xrg Spectra of n in pp Collisions
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ALICE - K2, A, =, Q to m Ratio



Ratios of Secondary Particles to () in pp Collisions
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(2K2) /{m* + 1)

Ratios of Secondary Particles to () in pPb Collisions
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Ratios of Secondary Particles to (mr) in PbPb Collisions
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Ratios of Secondary Particles to () in XeXe Collisions
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LHC: proton lead runs



ALICE - NSD pPb n distribution.
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