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small colliding systems

small systems / peripheral collisions, J. Phys. G 31(2005) S101
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predictions for pp interactions at LHC
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what do we know about pp ?

- multiplicity distributions
- spectra and mean-pt
- strangeness production

- c.m. energy Vs
- multiplicity
- hard vs soft events

ISR SppS Tevatron
Vs (GeV)  ~10 ~100 ~ 1000
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multiplicity distribution
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multiplicity density vs \s

CDF Phys Rev D 41(1990) 2330 Vs = 630, 1800 GeV
pt > 50 MeV/c
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multi-particle production in

- statistical hydrodynamical models

determined by initial energy density

- parton-parton interactions with string fragmentation models
described by multiple parton-parton scattering

or number of strings
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charged particle midrapidity density

- scales ~ with In (s) at lower Vs — available energy

- increases at SppS and Tevatron faster than In s
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KNO scaling

Koba, Nielsen, Olesen Nucl Phys B 40 (1971) 317

scaling of multiplicity distribution in high energy hadron collisions

“the normalised muiltiplicity distribution keeps its form independently of
the beam energy and just scales up asIn s "

cross
section for
the
multiplicity
being n at
the c.m.

— energy \s independent of Vs except
multiplicity through n / <n>
distribution ag,(s) 1

P.(s) = —"— = — w(nin))
Tror(S) (n)
average
multiplicity
atc.m.
energy Vs

<n> P(s) is only a
function of n / <n>
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multiplicity distribution
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Shape of pt spectra

ISR Phys Lett 64B (1976) 111 Vs = 23 - 63 GeV CDF Physrev Lett 61 (1988) 1819 Vs = 630, 1800 GeV
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mean-pt vs \'s and multiplicity

UA1T Nucl Phys B 335 (1990) 261 Vs =0.2 - 0.9 TeV CDF 0904.1098 [hep-ex] Vs =1.96 TeV
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underlying event

CDF Phys. Rev. D 65 (2002) 092002 s = 1.8 TeV

(Y
event

=- +

Underlying Event

Radiation

Outgoing Parten

FIG. 1. Ilustration of the way the QCD Monte Carlo models
simulate a proton-antiproton collision in which a hard 2-to-2 parton
scattering with transverse momentum, pr{hard), has occurred. The
resulting event contains particles that originate from the two outgo-
ing partons (plus initial and final-state radiation) and particles that
come from the breakup of the proton and antiproton { “beam-beam
remnants ). The “hard scattering” component consists of the out-
going two “jets” plus initial and final-state radiation. The “‘under-
lying event” is everything except the two outgoing hard scattered
“jets" and consists of the “beam-beam remnants’’ plus possible
contributions from the “hard scattering” arising from initial and
final-state radiation.

FIG. 2. Illustration of the way PYTHIA models the “underlying
event’” in proton-antiproton collision by including multiple parton
interactions. In adddition to the hard 2-to-2 parton-parton scattering
with transverse momentum, py(hard), there is a second “semi-
hard” 2-to-2 parton-parton scattering that contributes particles to
the “underlying event.”
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mean-pt vs multiplicity

UA1T Nucl Phys B 335 (1990) 261 Vs =0.2 - 0.9 TeV CDF Phys. Rev. D 65 (2002) 072005 s = 1800, 630 GeV
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QPG search in pp at\s = 1.8 TeV

E 735 at Tevatron CO intersection region
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K/r ratio vs \'s at SppS

UA5 zPhysC41(1988)179 Vs =0.2-0.9 TeV
Phys Lett B 199 (1987) 311
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VO yield vs multiplicity
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CDF Phys. Rev. D 72 (2005) 052001 s = 1800, 630 GeV

comparative study of event structure

- as function of multiplicity

- as function of Et
hard events: Etor pt > 1.1GeVin jet cone of R = 0.7
soft events: no high-pt jet
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K/r ratio vs pt
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strangeness vs multiplicity
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strangeness vs \'s and multiplicity

E 735 Phys. Rev. D 48 (1993) 984 s = 300, 540, 1000, 1800 GeV Run Il data
Kin 0.25<pt< 1.5 GeV/c y
K <pt>=2/a
2_|Aexp(—ap,)
e dN/dp?= <
sl wlebeative ) B(p,+p,) " | © <pt>=2pg/(n-3)
| o (K'+K ) /2
—~ o7k - P + =
2 - +
> o6} 4 -
= g
/E_ 05k 1y i \!} , i
& ol PHE . 4 :
BRLRL b b
0.3 e 0.4 5 10
02_ 1 l-mu|<p.t>.:.l.n|(\/§). ||- 2 (?) 8- e o AR ? ® +
: g %, .
T T Illllfl T T Illllll T T rrrem 0-3_ i —o
12r (a) .}. s } B 4 4 5 10 5 20 25
§ + " 0.2 & K er @ CIY
— 9t ~ * (?)lo— *e ° £ @ ¢
<[ e
ks . 0.1 - 5: x J§ = 540 8
6 increase or constant - f;s" 4 @ ~100g " \ \ : \ ;
£ B {=alghosey 5 10 15 20 25
,|_atTeyatron s range | T T A or o
o] 0.5 1.0 1.5 2.0 ¢ pions R
T T T T T T T T T T 0.3 0.9 nanns a
£ —_ ap a ° &
e b ]
) %‘ ,} 0.2} s % t & oTh ] L
~ 8T N K pe o~ OBE a
E g = /5 = 300 > - o s &
S. iH ) Y Sim=ie g osf” . .
o /5 =1800 GeV 0.4} S .
2 PRI R A T] N N U B WAPTT1 M S SR 1 L L I o.3L> . 1 | 1 I L
10 100 1000 0 0.5 1.0 1.5 2.0 0 5 10 15 20 25
/S (Gev) p, (Gev/c) <dNg/dn>

TECHNISCHE

UNIVERSITAT

~ DARMSTADT Ingrid Kraus

19 Atelier ALICE-France Soft Physics, Strasbourg, 19th of June 2009 @,?



hyperon production vs multiplicity

E 735 Phys. Rev. D 46 (1992) 2773 Vs = 1.8 TeV
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comparison statistical model vs data

hep-ph/0407174

K/m vs multiplicity

- overall K/m = 0.1

- Kim (multiplicity) = 0.1 E735

- CDF K/mt not comparable to model due to pt cut-off

— consistent with statistical model with significant
canonical suppression of strange-particle phase-space

Alp vs multiplicity

- overall A/p = 4%

- Alp vs multiplicity const

- CDF A/p not comparable to model due to pt cut-off

— consistent with statistical model
— canonical suppression seems stronger than in K data

— more data — on multi-strange hyperons — needed to
check whether model applies in jet-dominated regime
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summary

multiplicity and <pt>

- mean multiplicity rises stronger than In s at all energies
- KNO type distribution exhibits shoulder
- spectra consist of two components, thermal and power law
- mean-pt vs mult. rises moderately

— complex event structure in p+p

— no QPG signature

- low multiplicity: mean-pt ~ \'s invariant
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strangeness production

- <pt> increases with mass, multiplicity and Vs
- K/ increases with Vs

- K/t vs multiplicity is constant — no QPG signature
- data show significant canonical suppression
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