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e Abstra
tA mi
ro-
anoni
al treatment is used to study parti
le produ
tion in pp 
ollisions. First thismi
ro-
anoni
al treatment is 
ompared to some 
anoni
al ones. Then proton, antiproton and pion4π multipli
ities from proton-proton 
ollisions at various 
enter of mass energies are used to �x themi
ro-
anoni
al parameters E and V . The dependen
es of the mi
ro-
anoni
al parameters on the
ollision energy are parameterised for the further study of pp rea
tions with this mi
ro-
anoni
altreatment.In re
ent years, the use of thermal statisti
al models to des
ribe parti
le ratios for heavy ion 
ollisionshas re
eived great attention[1, 2, 3, 4, 5, 6, 7, 8℄. Thermal models are even used to des
ribe proton-proton and e+e− 
ollisions. The 
orresponding volumes for these rea
tions are very small (V ∼
25 fm3). For small volumes, energy and �avour 
onservation be
ome important. Therefore a mi
ro-
anoni
al treatment should be employed. With the in
rease of the volume, the mi
ro-
anoni
al resultsshould 
onverge towards the 
anoni
al one.The following mi
ro-
anoni
al treatment [9℄ is employed. Following the general philosophy ofstatisti
al approa
hes to hadron produ
tion, we suppose that the result of a high energy 
ollision
an be 
onsidered as a distribution of �
lusters�, �droplets�, or ��reballs�, whi
h move relative to ea
hother. Here, we are only interested in 4π parti
le yields and average transverse momenta, and thedistribution of 
lusters may be identi�ed with one single �equivalent 
luster�, being 
hara
terised byits volume V (the sum of individual proper volumes), its energy E (the sum of all the 
luster masses),and the net �avour 
ontent Q = (Nu−Nū, Nd −Nd̄, Ns−Ns̄). The basi
 assumption is that a 
luster,
hara
terised by V , E, and Q, de
ays �statisti
ally� a

ording to phase spa
e. More pre
isely, theprobability of a 
luster to hadronize into a 
on�guration K = {h1, . . . , hn} of hadrons hi is given bythe mi
ro-
anoni
al partition fun
tion Ω(K) of an ideal, relativisti
 gas of the n hadrons hi,

Ω(K) =
V n

(2πh̄)3n

n
∏

i=1

gi

∏

α∈S

1

nα!

∫ n
∏

i=1

d3pi δ(E − Σεi) δ(Σ~pi) δQ,Σqi
,with εi =

√

m2
i + p2

i being the energy, and pi being the 3-momentum of parti
le i. The term
δQ,Σqi

ensures �avour 
onservation; qi is the �avour ve
tor of hadron i. The symbol S representsthe set of hadron spe
ies 
onsidered: we take S to 
ontain the pseudos
alar and ve
tor mesons
(π, K, η, η′, ρ, K∗, ω, φ) and the lowest spin- 1

2
and spin- 3

2
baryons (N, Λ, Σ, ∆, Σ∗, Ξ∗, Ω) and the
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orresponding antibaryons. nα is the number of hadron spe
ies α, and gi is the degenera
y of parti
le
i. For the present investigation, we limit the number of hadrons in S to 54. Strange parti
les areprodu
ed a

ording to phase spa
e, i.e. without applying any arti�
ial suppression fa
tor. The resultsare 
ompared to that of the 
anoni
al 
al
ulations using the approa
h of Be
attini et al. [10, 12, 11℄,but without strangeness suppression and the number of hadrons whi
h 
an be produ
ed is limited tothe same 54 spe
ies allowed in our mi
ro-
anoni
al treatment. In prin
iple it is possible to in
ludemore hadrons in the mi
ro-
anoni
al ensemble. This makes a detailed 
omparison more di�
ult,be
ause the less known de
ay 
hannels of the additional hadrons have to agree.For mi
ro-
anoni
al treatment, there exists a 
riti
al volume Vc, above whi
h the physi
s results,i.e. parti
le yield per volume and average transverse momentum, be
ome independent of volumeand 
oin
ide to the 
anoni
al ones. In the following we 
he
k the volume e�e
t in parti
le yields,
ompare the mi
ro-
anoni
al results to 
anoni
al one and try to �nd the 
riti
al volume Vc. Todo this 
al
ulation, we keep the same baryon density as input, i.e. the baryon number is two (aproton-proton 
ollision) for the volume 25 fm3 whi
h is usually used by 
anoni
al 
al
ulations (dashedlines), baryon number one for volume 12.5 fm3 (solid lines) and baryon number four for volume 50 fm3(dotted lines), 
.f. Figs 1, 2, 3. The results of a 
anoni
al 
al
ulation with the parameters �ttedto des
ribe the parti
le yields observed in pp 
ollisions at 27.4 GeV [10, 12, 11℄ are marked as dotpoints. The parameters used in this 
anoni
al 
al
ulations are V = 25.5 fm3 and T = 162 MeV.In 
ontradistin
tion to the 
al
ulation with this parameter whi
h is presented in ref. [11℄ here thestrange parti
les are not suppressed by a γs fa
tor and only the 54 hadron spe
ies mentioned aboveare produ
ed. Therefore this 
anoni
al 
al
ulation 
an dire
tly be 
ompared with our mi
ro-
anoni
alapproa
h. The average energy of the 
lusters obtained in this 
al
ulation is 8.74 GeV, resulting in anaverage energy density of ε = 0.342 GeV/fm3. More detailed explanation of Figs 1, 2,3 
an be foundin [13℄.Figs 1, 2, 3 tell us, the lighter is the part
ile, the smaller is the 
riti
al volume Vc. 90% newly-produ
ed hadrons from the 
ollisions are pions while the 
riti
al volume Vc is not bigger than 12.5 fm3.However, for the heavy parti
les, i.e. ∆++ and Ω, the 
riti
al volume Vc is bigger than 50 fm3. The
anoni
al results agree well with the mi
ro-
anoni
al one at the same volume, 25 fm3. Therefore weraise the question if it is safe to study the heavy parti
les from small rea
tion systems with 
anoni
almodels.Canoni
al 
al
ulations get volume 25 fm3 from �tting parti
le yields. Here we also �t the 4πparti
le yields from pp 
ollisions to �x the mi
ro-
anoni
al parameters E and V. The mi
ro-
anoni
almodel does not have any strangeness suppression fa
tor. It fails to des
ribe non-strange and strangehadrons at the same time. So we only 
onsider non-strange hadron produ
tion here. To �t the data,we minimize

χ2 =
1

α

α
∑

j=1

[nexp,j(
√

s) − nth,j(E, V )]2

σ2
jto determine the parameter E and V for at ea
h 
ollision energy √

s, where nexp,j , nth,j and σjare respe
tively the experimental multipli
ity, multipli
ity from the mi
ro-
anoni
al treatment andexperimental varian
e of parti
le j. Both the experimental and theoreti
al multipli
ities here are afterde
ays. We take the parameterization[14℄ of energy dependen
e of π+, π−, proton and antiprotoninstead of the data to �x the mi
ro-
anoni
al parameters E and V for a 
onvenient reason. Theminimum χ2 method produ
es the mi
ro-
anoni
al parameters E and V dependen
e on 
ollisionenergy √
s as shown in Fig. 4. E and V in
rease monotonously with √

s . We parameterize themi
ro-
anoni
al parameters E (GeV) and V (fm3) dependen
e on the 
ollision energy √
s (GeV) forsome further study of pp 
illisions with this 
anoni
al treatment:

E = −3.8 + 3.76ln
√

s + 6.4/
√

s (1)
V = −30.04 + 14.93ln

√
s − 0.013

√
s (2)Note that Vmin = 1 fm3 has been used for Eq. 2 at very low energies. The Eq. 1 itself is the same as
harged hadron ex
itation fun
tion in pp 
ollisions[14℄. This agrees well with the results in heavy ion2
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Figure 1: Density of parti
les as a fun
tion of the energy density of a 
luster for three di�erent volumes:12.5 fm3 (dashed line) and 50 fm3 and a total 
harge of 2 using a mi
ro-
anoni
al phase spa
e
al
ulation. The dots present the result of a 
anoni
al 
al
ulation[10, 12, 11℄ provided by Be
attini.In both 
ases the number of hadrons is limited to 54 and strange parti
les are not suppressed. Takenfrom [13℄.
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Figure 2: Same as Fig. 1, but for additional hadrons
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Figure 3: Same as Fig 1, but for additional hadrons
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Figure 4: Mi
ro-
anoni
al parameters E (left) and V (right) dependen
e on the 
ollision energy √
s.The points are from �tting. The solid lines are the parameterized fun
tion des
ribed in Eq. 1 and 2.
ollsions[15℄ where the freeze-out energy per parti
le 〈E〉 / 〈N〉 = 1 GeV, taking into a

ount that thein
rease of the multipli
ity from de
ay has roughly the same fra
tion of neutral parti
les in the totalhadron multipli
ity.A
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